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Prefa5:e to the Seventh Edition. 

(Reprint 1944.) 

|N the previous editions of the Military Works Hand- 
hook, the portion dealing with roads was of minor 
scope and importance. 

Owing to the expansion of road work in the Military 
Engineer Services, and its increased importance, consequent 
upon the construction and maintenance of roads of military 
importance outside cantonments on the North-West Erontier 
which is now an important function of the Military Engineer 
Services, added to the necessity for a higher standard of road 
construction and maintenance generally on account of the 
modern developments of mechanical transport, it has be- 
come necessary to deal with this subject more extensively, in 
a separate volume. 

The contents of this volume deal with the practical 
requirements of road construction and maintenance, with 
special regard to Indian requirements. 

The volume has been compiled and written by Lieuten- 
ant-Oolonel P.W.L. Broke-Smith, E.E. 

The material for the chapters on road structures was pre- 
pared by Major H.M. Giblr, ll.E.A. (T.P.), attached R. E., 
and use has been made of North-West Erontier Province 
Public Works Department Specifications by Colonel H.A D. 
Eraser, R.E., in the chapters on general specifications and 
maintenance of roads. 

•The use of certain material from the Punjab Public 
Works Department Handbook of Specifications, of the system 
of Road Signs devised by Colonel Sir Sydney Orookshank, 
E.E,, and of an article in “ Indian Engineering ” on rein- 
forced concrete roads, is also acknowledged. The remaining 
volumes of this edition comprise 

Tolume I . — Buildings and General, Part I.— Spepiflca*. 



j?B,lirACE, 


Volume II . — Buildings and General, Part II — Archi- 
tecture and Design. 

Volume IV . — Electrical and Mechanical and Water 
Supply. 


A. G. STEVENSON, Major-General, 

Bugineemin- Chief. 
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CHAPTER I. 

Classification of Roads. 

Classification of Roads — Road Standards. 

CLASSmCAMON OP RoADS. 

General Heads . — Military roads in India are classified under the 
following general heads: — 

Roads inside cantonments, 

Roads outside cantonments, 
and are designated Imperial Military Communications, 

2. Military Roads inside Military Roads inside can- 

tonments comprise roads inside barracks etc. areas and approach 
roads from main roads or railway stations primarily or exclusively 
serving such areas. They also include portions of Military Trunk Roads 
within cantonment limits (see below). 

3. Civil Roads . — Roads generally, except within or approaching 
Military areas, are Civil Communications, constructed and maintained 
from P.'W.I). or other civil funds. 

Cantonment Fund -Subsidiary roads in cantonment area not 

cla.ssified as Military are, as a rule, constructed and maintained from 
cantonment funds. ' , ■ - , 


i'.' Militai^ roads outside fAidonmentf‘j---‘'ilLtYii&t^ roads outside 
canld^menW'4rh ’roads, !Bl^i^_s]®,ed’ias rach fdr’.'gtalat^iC hr 

i’''4 w 

Government Of * fniia^'is^^Kbadi^i'' 

he maintained by the Military RpginoOf ‘Seyyic§f;-(.ht.jyl^ 

f.tmA rkP f>nncf,vnnf.virvr» 'rartll Avtn 


the time o£ coastruction, wpl he oo3 
Services), , 


. ... 
H/' 




^ HfUTAHy IKOIMER SBUTICB15 HANBBOOK, 

Roads of Military Importaneo comprise principally certain Civil 
Frontier roads. 

Road Stanbaeds. 

6, Road 8taudard^n-^^02b^B are divided into two main classes : — 
Metalled Hoads, 


Unmetalled Hoads, 

Military Hoads in India (subject to variations inside cantonments) are 
normally classified: — 


Metalled 

or 

Unme tailed. 

Class. 

standard for traffic. 

Short description. 

H 

I 

Suitable for ‘'continuous 
M.T. traffic. 

24' roadway, metalled 16' wide, fully 
bridged (i. e., bridged except where 
traffic would not be impeded by the use 
of causeways). 

M 

II 

Suitable for “inter- 
mittent M.T. traffic. 

20' roadway, metalled 12' wide, partially 
bridged (i.e., bridged across perennial 
streams and where traffic would be im- 
peded across causeways for more than 

1 24 hours ; (causeways otherwise pro- 
I Tided in lieu of bridges whereTer 
practicable and cheaper.) 

M . 

ni 

Suitable for “occasional'' 
M.T, traffic. 

18' roadway, metalled 9' wide, unbridged 
except across perennial si r ea m s 
(causeways provided elsewhere 
in lieu of bridges, wherever practicable 
and cheaper). 

'TJ 

'It ' 

Suitable, for carts,, an^ in 
certain cases for “occa- 
sional'^ Mght M.l?, tra- 
ffic, principally in dry 
weather only. 

12' roadway, unmetalled, and generally 
unbridged. 

• ' H' - 

V 

Suitable for Camel traffic 

10' roadway, ^tmihe tailed, and unbridged. 

U 

yi 

. Suitable for pack mule 
traffic. 

B' roadway, unmetalled, and unbridged. 




On account of the development of meclianical transport. Class tV 
roads will now seldom be constructed for military purposes ; lowest 
* standard of permanent road constructed for wheeled transport will usually 
be Class III/ 

' V- Classes V and'Tl roads' are practically .exclusively hill roads. ■ . 
f Road^.^^Jn the above remarks permanent road^ ; 

rcfeiTed fa “ ^empora)^, roads constructed by troops on Edtive'sefviee'airer 
hot^s^clficany^ealt wifa therein } the standard of such ^‘road^will ' 

according to |qci|' conditions ■ and requirements, but the' principletr''cir^^',p 
'gradient^, and drainage should be the same. ‘ 
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CHAPTER II. 

Genreal Specifications for metalled roads. 

introductory — Specification — ^Special Methods of Road Surfacing — 

Road Survey. 

iNTEOBirCTOllY, 

1. Application of specif cai/io7ts , — ^Tiie specifications and dimensions, 

etc, , here given are of primary application to military lines of communi- 
cation or roads outside cantoainenfcs. They are, however, of equal 
application to roads inside cantonments, subject to local differences such 
as increases or variations in roadway width, or in metalling width, 
provision of foot paths and herbs, complete bridging or provision of 
.culverts in all classes, etc. 

2. Leading dimenuom,--^h summary of normal leading dimensions, 

etd. , is given in Appendix I, 

S. ^Converfibiliip , — When constructing a new road, the land width, 
alignment, gradients, etc., will be such that the road can be converted 
from the lowest into any of the higher classes specified, if required. 

4, Order of.wotl^ iii GomtfncUoii . — In constructing a road, the 
essential items to permit of traffic getting through as early as possible 
should usually by carried out in the first instance. These include adequate 
drainage. Metalling should be done when the roadway and drainage 
have bean completed in individual miles or sections. 

SrEOIMOATIONS.^ 

91 Land widtL^Qn irrigated or cultivated land, or flat plains;— 

Normal — 60 '. " 

On barren hill sections.-^^The acquisition of a definite land Width is 
generajly ^ impraoticiible or unnecessary. Sufficient ground should be 
taken up to allow for catehwater drains where necessary, and for stacking 
^ metaled 'th^A Roadway. ‘ 

Through villages or cemeteries, Where the full Mdth is impfacticable, 
the maximum practicable vsridth should be taken U{i. ; ^ ■ 

, 6. Borrow inner edges of borrow pits should be not less 

than 10' from the foot of the slope of embankments. Along very higS 

v..:, . 

. ■ ‘ - ■ ,/ ..i" ,5 ‘ 
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embiiijkments the land width may, therefore^ have to be inereasecL Borrop/ 
pitis should riot be continuous except where used as roadside dr.n'ns. 
Borrow pits are strictly forbidden in cantonments ; any earfch required 
must be brought from outside. 

It Demarcation Q;f roiuh bmhmlarie $^ — By furlong stones on both 
sides, . 

Between ,boitndry stones by the edges of borrow pits or drainage 
ditches, 

8, .Gradients, — Billing, — I in 18, 

In long stretches of ruling gradients, flats 100^ to 200^ long should 
be given every half mile approximately. 

Maximum. — I in 10, over distances not exceeding 300^ On curves 
of 100' radius or less the gradient should not exceed 1 in iS, 

The gradient of the centre line throughout a sharp curve should be 
nil or very slight. 

The rise per mile should not exceed 340'. 

9* Redins -^Centre line of roadway* 

Nnrma! minimum. — 60^ 

Minimum at rig zags in hill portions.~S5'. 

For methods of setting out curves, see Plate IL 
A succession of curves should be avoided. In hilly districts it is 
frequently preferable to increase the gradient in order to maintain a 
relatively straight alignment but the maximum gradient of i in 10 
should not be exceeded nor should the rise per mile exceed 340'* 

10. Blind corners and zig zags , — As far as possible, blind corners must 
be mitigated by cutting back the inner side to 4' above road level, to 
secure visibility* . 

Ttiey should also be indicated by the standard road sign, placed on 
either side. 

A low circular dry stone wall should be provided within the inner 
‘ drain, to keep vehicles from short circuiting the curve. " 

(See also Gradients, Super-elevation, Eoad Signs.) ^ 

I It Saper’elepation on ciirves , — ^All except very slight curves riiould 
be suitably cross-banked. The pitch of the banking slimild normally be 
1 in 10. 

'the slope must be continuous .across the full formation width and 
the cross-banking must^ be carried across culverts and small bridges 
located, on sharp curves, allowance being made for this in designing 
and building parapets and wheel guards in such cases. , " 

In construction, particularly where the road is to be used for tra6Se 
before the formation has settled, the supeiveleyation should be 
gerated. ^ ' ■ . - . ■ 



SPECIPICATIOKS FOE METALLED ROADS, 


1^. Width of roadwtij . — Clear width at formation level, excluding 

side drains, and parapet walls 

Class Class Class 

' I. II III 


Normal 

In straight through or side cnttings in hard rock ' 

On full embankments exceeding 2' in height, and in 
sharply curved and blind through or side cuttings, 
or sharply curved approches to bridges and 
causeways 
In tunnels 


Lo!ig deep through cuttings or tunnels are to be avoided particular- 
ly in shale or alluvial soil. 

13. 07ifer dopes of emlanJcments. — Up to high.-l in 4*^ to permit 
of motors getting off if necessary. 

Over 2.' high.— Natural slope of soil. 

14. Snhgrade. — Subgrade («. e.. the surface on which the soling is 

laid). . / . . 

Height in hil! sections. — NiL . 

Height in plains sections, — Normal minimum 6'h 

It is essential to keep the subgrade dry, to prevent settlement,’ ,In 
flats where the side drains are apt to be full of water for long periods, 
and on bad ground generally' including saturated or black cotton soil 
the subgrade should be raised tQ«18" or more above ground level. 

On bad boggy ground, or deep black cotton soil which cannot be 
removed, where an alignment over such ground is unavoidable, special 
foundation measures are necessary and in such cases standard works on 
the subject should be consulted. 

In long very gentle slopes with good and frequent outfalls for the 
side drainage, the subgrade may remain at ground level. 

Whether the subgrade is raised or not, it should always be dressed, 
depressions filled up, and rolled to the formation camber or cross-slope, 
before soling is laid j embankments must be thoroughly consolidated. 

15. Roadside draim-^^ide drains should be provided on both sides 
of the roadway except in side cuttings in hill sections, where they are to 
be given on the inner side. 

The mhiimum width of side drains is minimam depth 16". 

In hill sections the side drain may be triangular in section, the. 
bottom sloping off in continuation of the^berm, at a slope of 1 ib 3, so 
that vehicles may not fall into drain. 

In soft formation in fail| sections, where the drains are necessarily 
small, the side drains should be lined vvith dry stone where, practicable. 


# SilLITAUt , iilNaiNEEE SBliVICBS HAKDBOOi:, 

I6. CaichwtUer hill seetions eateliwater drain should Be* 

provided, except on loose soil or sbaly liil! sides. They should be con- 
structed alongside the roadway, at a distance above the roadway vavyiiig^^^, 
ii’om 10' on steep slopes to 4«0' on gentle slopes, and should be connected 
at intervals to the* cross drainage, 

Catchwater drains except in very hard formations should be lined 
with large stones or brushwood to prevent erosion. * 

.17^ Cross drama^e, — Cross drainage must be adequately provided 
for. 

In Mil seistions scuppers (small paved crossings) may be used instead 
of culverts, where practicable, for minor cross drainage. 

An average of 8 culverts or scuppers per mile will usually suffice for 
minor cross drainage in hill sections, but the requirements must be fully 
catered for in each case* 

Bain water must be given a clear flow both above and below all cross 
drainage, in the direction in which it is desired to make it go. 

Diverging boulder bunds are often useful, .above cross drains in hil! 
sections, to direct the flow. 

Drainage on steep hill roads with xig xiag turns in particular requires 
special study and attention, to ensure the 'drainage of the upper portions 
being directed to the cross drains below. 

Drainage and flood protection for tbi^ roadway must be constructed 
concurrently with the road formation. 

(See also culverts, Scuppers, and Metalled Dips.) 

18. SbZi;i^.~SoHng must always be provided, except where unneces- 
sary upon rock or hard conglomerate. 

The function of soling is to spread concentrated loads over the 

subgrade. 

Width of soling : — 

Normal j~l foot more than the metalling. 

On high sandy banks or close to high bridge abutments, andr i^ 
metalled dips. — Full width of clear roadway. 

On culverts and bridges metalled throughoutj where soling is 
required. — ^Width of metalling. 

Thickness of soling. — Before consolidation. 

Normal* — Using quarried hard rock or large boulders. — 

Using small bculders or softish metarial,~9^'. 

On embankments and other soft subgrades, particularly where the 
subgrade, cannot always be: kept dry, and in xMtalled dips.--9^^ 
to 12''. 



1 


SPUCIFICITIOKS ^Oll 'KET.VtLEB 

“Soling should consist of the hardest suitable material proexiraUe 
locally. Large stones, kankar, or overburnt brick bats are siiitafelo, 
if round boulder stones are used they should not be less than S" in any 
dimension. 

Soling must be hand- packed, and interstices filled with chips as the 
stones are laid. When quarried liard rock or large boulders are used, 
ii layer not e:s:eeeding 3" of small shale, local sione»s, shingle, or graved, 
"should be laid on the top. 

The soling (incliuliiig tlie top layer in the case of hard rode or large 
boulders) should be rolled with a steam roller depressions being filled 
up as they form with sliingle or gravel, sufficiently only to give a bard 
true surface, barrelled or sloped to the correct camber or pitch. 

In ea^as where earth only is available locally for the surfacing, it 
may have to be used, but earth should not be used unless unavoidable. 
In any ease, depressions must be filled up with broken metal or gravel, 
e^te., never with earth. 

road may be opened to light traffic, including light M.T. as a 
temporaiy measure, pending metalling, subject to the sub-grade where 
Boling is not required having been finished ^ as specified, and to the 
Boling being, covered with a layer of gravel and re-rolled, before 
traffic passes. The metalling should be done as soon as possible. 

Where the soling is extended outside the metalling on high banks, 
etc., it should be similarly gravelled and rolled; the finished surface 
■in such cases must, of course, conform to the slope, of the metalled 
•surface and the iinsoled portion of the betms. 


19. Width, of metalling ;• 



•Class I, 

Class II. 

1 

1 

Glass III. 

Normal 



■ '1 

1 

9' 

"On cmrves of 100' radius or less having a subtended i 
angle of 45® or more, ^ 

20' 

. 16' 1 

1 ^ ^ 42' 

’On bridges and culverts u. 



Full width. 

Wherever practicable, a 
■ through villages, m all classes. 
Thickness of metalling 

width of metalling should be given 

.. ..... ' 

• ' ' , ' - 

Glass I, 

Class il,' 

Class m. 

layers before consolida'tlon 

■ ' ... 

2 X W 

1 X 6^ 



t X 4r 
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The thielvDess o£ metal, after eoiisolidation, phouid be 6^', 4" and IV'' 
ill Class I, II and III roads, respectively. 

In cases whei’e earth has unavoidably to be used for surfacing soling;^. 


the thickness of the metal must be increased, 

this — 




. Class 

Class 11. 

Class III. 

Layers before consolidation 

2^';xWi 

i x 

1 X 6" 

W X W 


Metalling must not be commenced until the soling (or dressed sub** 
grade where soling is not- given) has been properly finished and passed 
by competent authority. ^ 

Road metal should be comprised, of hard, tough, and durable broken 
stone. Soft stone, such as, sand stone, unless thoroughly indurated by 
the action of heat, mast not be used for metalling, and flint should not 
be used as it is difiScult to consolidate. The best all round stone 
procurable for this purpose is usually quarried limestone. Where 
boulder stone has to be used, the boulders must not be less than 5 inoljes 
in diameter, and must #)e well broken to eliminate round surfaces as* 
much as possible* 

The gauge of the metal ballast sliould normally be from to S"', 
according to the hardness of the stone, and the weight of the steamrollers 
available^ the smaller gauge being adopted for the hardest stone, and 
particularly for boulder metaU 

All layers of metal should be laid and consolidated separately. 
Consolidation comprises ; — 

(i) Spreading and rolling dry. 

(li) Watering and rolling wet. . 

(lii) Surfacing and rolling wet. 

Whei’e two coats are to be given, the third process should be omitted 
.in, the ease of the first coat (unless the road has to be opened for traffic 
before the second coat is provided), 

The metal should first be dry rolled until set. The amount of dry 

railing necessarily Taries with the quality ancl thickness of the metai, 

but as a g'eneral rule two thorongh rollings with a 1 2-ton steam roller 
wiU snlSfse. ,„It- should then be flooded, and thoroughly rolled .until., hard 
and compact So that a light cart makes no impression. The metal 
must be freely flooded during consolidation.* The screenings from/the^ 
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metal, supplemented as necessary by gravel, fine shale, or sand, should 
then be spread on the surface, vp'atered, and thoroughly rolled in* The 
siirfaein| should not exceed in thickness before rolling* 

Finally a top dressing thick of river sand or fine gravel should be 
spread on the surface, and the road should be opened to traffic at once 
if possible; it should be kept watered under traffice for about a fort- 
night, and the surface should be specially inspected daily and breaks 
repaired with water, bajri, and rammers during this period* 

Sometimes the only hard stoiie available at reasonable cost {e, 
basalt or flinty boulder metal) cannot be consolidated without the use 
of a binder of the best small material locally available. Such cases 
require special study and orders, as the resulting roadway is not true 
macadam but a kind of gravel or mud concrete. Apart from such 
special cases no binding material whatever may be used during the first 
two processes of consolidation 

As a temporary measure, where water is procurable with difficulty, 
and it is desired to open the road to traffic emergently, dry consolida- 
tion may be adopted ; in this case the surface, after consolidation, must 
be covered with S inchs of gravel, bajri or fine shale, rolled in* Tn 
such cases the metalling miisfc be re-consolidated with simple water as 
soon as possible. 

For further details regarding metalling, see Chapter X. * 

■' 20, Col lecHon of moling and melatting anil metal backing places \~ 
Soling stones and metal ballast should not be collected a long time 
before they are required, as they become dispersed and mixed with dust 
and earth, 

Except where absolutely impracticable, they should be- stacked off 
tlie roadway. 

^Soling stones must not be placed on the roadway until the subgrode 
has been properly excavated or filled, and graded, , 

Particularly in hill sections, metalling must not be placed on the 
roadway until the soling has been laid." , 

Metal stacking places for repair metal must be provided in hill 
sections; where I^vel ground alongside the road is not^ available. These 
may be at intervals of 2 furlongs, as practicable. 

21. Chamher of road Burfaee^^Cxomn See plate II. 

Normal, i* in straights 1 to 40. 

On curves. ;~No, camber, super-elevatiou cross slope to be giyem 
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In constrnetionj particularly where the road is to be used for traffld 
before the formation has settled, the camber should be exaggerated. 

22. Width of berms :~CIear width of roadway on either 

side outside metalling, excluding space taking up by road parapets and 
side drains — « 



tJlass I. 

1 Ciaas .11 

1 

Class III* 

!^or«ial ... 


4' , 

4i' 

Baage according to TVidths of metalling and of clear 




roadway ... 


S'— 0' 



The overall widths of berms, including the space occupied by parapet 
walling on embankments, and by the roadside drains in hill sections, 
will be wider than the above figures by 9J to 3' 


Slope of berms : — 

Normal, in straights : — 1 in 40. 

On curves ; — No camber, super-elevation cross slope to be given. 

Berms should be graded off in continuation of the camber of the 
metalling (on banked curves to the cross slope). (See plate II). 

In soft soil the berms should be consolidated and dressed to correct 
slopes before soling is laid, as otherwise they act as sporiges and prevent 
the subgrade from drying. 

When made up after metalling has been completed they should be 
rolled to correct slopes, in eontiniiation of the metalled surface. A 
layer of gravel (shale, ahinglcy or rough stones), should be rolled in on 
the dear roadway portion of earthen berms* This is particularly neces- 
sary on slopes, in through cuttings, and on banked curves, and in other 
cases should not be omitted unless surfacing material is not procurable 
at site. • , 

For further details see Chapter X, 

23, Gulvei’ts (total length between abutments not exceed- 

ing 20')* 


Width : — The clear width between wheel guards shonid ecjual the 
dear width of the roadway, 


# ■ ' j 

" : ' i 

Class I 

■ 

class II 

Class 111 

'Hormal 

■■ .24' ■ 

20' 

18' . 

Mmimnin 

20' 

■ 18' 

16' 

Maximum 

21 f 

■ 24' 

22^ 
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Culverts in hill sections np to . 4 feet span can frequently be 
economically and efficiently built of dry stone. The cover or decking is 
made of stone slabs^ or rainforeed concrete, or the sides are corbelled out 
and slabbed over. At least 12'^ of’ lilling (earth, soling, and metalling, 
see also Chapter VI) should be placed over the slabs. 

Tube culverts provide an economical and quickly constructed form 
of small culvert, where such is suitable. The tubes may be made of 
ordinary corrugated iron, not thinner than 18 S. W. G, and of 2' or 2^^ 
dianieter, surrounded by 1 to 2 feet of good lime concrete, lime concrete 
filling being provided between tubes in series or they may be made of 
rainforeed concrete,, or of specially manufactured rust resisting corru- 
gated iron tubes (such as ** Armeo which do not require a lime 
concrete surround. 

Tube culverts should extend across the full formation width. Each 
end must as a rule be completely protected by masonry so that the 
water does not form a false channel outside the tube* 

Culverts must always be constructed in one span, except in special 
cases where the use of series of tubes is suitable. 

The minimum clear span for a culvert is 2', and this is only permis- 
sible when the drainage is off rock and free fiom heavy slit or large 
boulders. Culverts should be too large rather than too small 

Where the outfall is not on to rock, special precautions must be 
taken to prevent erosion of _ the foundations .of the drop or retaining 
wall 

The bottoms of culverts in hill sections must be given the steepest 
possible slope, not less than 1 in 12, and may have to be floored to 
prevent erosion or percolation. 

Culverts in hill sections must be well sunk, to avoid humps in* the 
road; and must be provided with adequate catchpits, the bottoms of 
which should be a foot or more below the floors or, sills of the culvers. 

All culverts should be soled (where soiling is necessary), and metal- 
led, full width between wheel guards, ■ . ^ 

On flat ground, the slopes of approaches to culverts should not 
exceed 1 in 25, and a length of 20' over each culvert should be flat, the 
tops and bottoms of slopes being rounded off, to avoid humps in the 
road^ ^ ■ ' ' ' ^ 

For details of culverts, see Chapters V, VI and Vll» 

24. Scuppers. — Scuppers. (Paved dips not exceeding 20' in span.) 
Width s^Formation width. 
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Scuppers sliould be freely used, where practicable, in class. Ill roads. 
They should not be used as a rule in class I roads. . 

Scuppers should have a normal cross slope of 1 in 12 in hill sections 
to 1 in SO on the fiat and should be located on re-entrant curves in hill 
sections, never on salient curves. 

They must cross the road at right angles and must be eaie fully 
graded in cross section to avoid sharp dips in the road, their edges, 
being rounded 

They are often preferable to culverts in hill sections, in soft sbaly 
formations, and also where large boulders are likely to come down, 
and small culverts would readily become blocked. 

They are unsuitable for use on steep gradients. 

Where the outfall is not on to rock, special precautions must be 
taken to prevent erosion of the foundations of the drop or retaining 
wall. 

For details of Scuppers, see Chapter VlII. 

25 . 3ieiaUed l)ips 



Class I 

I' ' '■ 

Class n " 

'Class in 

Clear widtli of roadway ... ... i 

... 

■ 20' 

18' 


Supplementary cross drainage in very flat country is often provided 
for satisfactorily in second and third class roads by dropping the for- 
mation down to ground level over , wide gaps, the width being made 
sufficient to prevent appreciable afflux oceuring, with conse(j[uent 
dangerous velocity. In such eases the full width of formation must be 
soled 9" to 12'^ thick and occasionally it may be necessary to built a 
epntiniions drop wall at the downstream side of the soling. . The a{> 
proach slopes must not exceed 1 in 14, and tlieir top and bottom ends 
must be rounded off. The admixture of a little cement with the 
metalling gives a finished road surface proof against minor erosion. 

26. Bridgenn — Minor bridges 5~Total length between abutments 
not exceeding 100' 

Major bridges ; — Total length between abutments exceeding 100b 



Class I 

' Class II 

CUm in : 

Clear width between wheel guards 

18'’ ' 


10' 
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Special orders regarding bridging are issued in the ease of each road< 
As a general rule, bridges must always be provided across perennial 
streams, except in minor instances, 

la class I road causeways may be substituted for bridges where 
traffic across them would not be liable to interruption* 

In class II ard III roads bridges may be freely replaced by cause- 
ways, under the limitations laid down for causeways. 

On class III roads the piers and abutments of bridges should be 
built as for 18' bridges, permitting of widening. Arched bridges should 
usually be built to 18' width, in all classes. 

In the case of small bridges located on sharp curves the clear road- 
way width should be widened 4', 

All bridges should be soled (where soling is necessary), and metal- 
led, full width between wheel guards, 

Approaches to bridge on the flat should not he steeper than 1 in 25. 
Bridges should be designed to span streams with a minimum of 
restriction. * 

Sharply turned approaches to bridges should be widened and cross 
banked, in accordance with the rules for sharp curves. 

For details of bridges, see Chapters V, Vi and VII, 

27, Strength of bridges and culverts — All bridges and culverts should 
be designed to carry a 12-ton steam roller, with 25 per cent, impact. 

Bridges so designed will safely take any train of loads in which no 
axle load exceeds 8 tons , and no distributed or caterpillar axle load 
exceeds 12 tons. 

They will also take any train of loads in which no axle load exceeds 
12" tons and no distributed or caterpillar load exceed-s 18 tons, with 
precautions (minimum intervals, speed not to exceed 4 miles per hour, 
load on centre of road, and no other load aloiigside). 

Thus they will safely take a double line of 3-ton loaded lorries, 15- 
ton caterpillar tractors at not less than SO' intervals, all inarclung for- 
mations of cavalry, infantry, field artillery, and animal transport, and 
crowds of pedestrians and animals. 

They will also take heavier vehicles with precautions, including 
164otx wheel tractors and 18-toii whippet tanks at 25' infceiwals. 

For further details and calculations, see Chapter V. 

23. Cameimgs . — Width • 





' [OUml. 

Clasa II. 

Class III,' 
% 

Overall 


1 ' ' »,* ■ 1 

18 ' 

18 ^ , ■■ 

ir 
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Causeways should be used instead of bridges in class II and III 
roads where practicable and cheaper than bridges, and where traffic 
across them would,, not be impeded for more than 24 hours and at 
infrequent intervals. They should only be given in place of bridges in 
class 1 roads where traffic across them would not be liable to interrup- 
tion byfioods. Causa ways are unsuitable where the maximinii depth 
of scour exceeds 6 feet, and in any ease should not b© provided if their 
cost With approaches is more than frds^of the cost of a bridge with 
approaches. 

The end slopes should ba normally 1 in 14, to a height of l i' above 
high flood level* The top and bottom of the. slopes must be rounded 
off. ■ ' . - 

The causeway surfae© should slope down-stream at the same slope 
as tlie iiala bed, subject to a maximum of 1 in SO. The length of a 
causeway should be such as to span the width of the stream at high 
flood level,' 

In the ease of wide oalas, in which two or more streams flow, these 
should, when practicable, be trained through one causeway of length 
equal to the aggregate width of all the streams^at high flood level. 
Causeways should be at right angles to J.the current, and should not 
restrict the stream. 


Sharply turned approaches to causeways should be avoided ; where 



unavoidable they must be widened and cross-banked in accordance with 
the rules for sharp-cnrves. 

- Por details of . causeways, see Chapter VIII. 

29. Overfioii'^ .Brirfy«?^.--r-'Width 


Overall 


Overflow bridges may be used, if cheaper than ordinary bridges 
instead of, or in eonjimction with, causeways, subject to the limitations 

laid down for the use of causeways. They are unsuitable for torrential 
nala crossings in the hills, and wfiere heavy silling occurs. 

For details of overflow bridges, see Chater VI. 

30. Parapek and Hand Above road surface 

, " In roadside parapet walling - ... ... , ... 2^ 


Glass I. 

aass II. 

Class III. 

18' 

18" 

12" 
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Parapet} walls should be provided on both edges o£ all banks over 10' 
■high,;:. ■ ■ ' ■■ . ■ ■ , . 

They are usually made thickj of rough dry stone, in lengths of 
6'-20' with gaps or large rocks may be used. 

The height of parapets or band rails of long high bridges may be 
increased to S^. 

The parapets or hand fSils of bridges and culverts must be protected 
by wheel guaixls or kerbs, and fenders. 

Wiieel guards should be 6" wide, by 9'' high above the road 
surface. / 

Fenders, consisting of stout posts or rails well embedded in the 
ground, or large rocks, should be provided at both ends af parapets or 
hand rails,, to a height of 9J above the road surface. 

In trans-frontier districts mesonry or reinforced concrete parapet 
walls or hnnd rails should be given on bridges and culverts, in preference 
to iron hand rails, which are liable to destruction and removal ^by 
tribesmen. ' ^ - 

Far details of bridge and culvert hand rails and parapet walls, see 
Chapter VI, 

31. Mead room in TnnneU and Overhridge^.-^Omv: centre 8' of road 
way 13^ 

Over sides of roadway : — 8' (minimum), 

32. Retaining and Breast }FaIh » — Eetaining walls, except where 
impinged upon by .floods and generally where a high degree of strength 
is necessary, will usually be constructed of dry stone masonry. 

In high dry stone walls a band of stone in lime should be given at 
intervals varying with the quality of the stone. A normal method is 
to give a 12'^ band, every in walls over 10^ high. 

The top thickness is usually 2^, the front batter 4 over 1, and the 
back face should be vertical. In breast walls the front slope should not 
exceed 2 over L All courses should be normal to the front batter, as 
also the foundations, which should be laid in lime concrete where the 
soil is oufavonrable. 

It is generally advisable to bed each course in very fine shale or 
earth, to spread the load and increase the frictional resistance between 
courses, particularly where shale slabs ara usdd4 

Pueea retaining walls will of course be given concrete foundation. 

InCosTeetly designed and constructed retaining walls are a great 
source of weakness in a hill road, and special care must be taken that 
specifications and designs for them are efficient and complete. 

Details of retaining walls are given in Chapter IV. . . 

33. Training /rori£5.~The main, principle in regard to training 
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works is that they should lead or guide the water, in contradistinetioyj 
to foixing it, 

Projeetiiiig spurs are as a rule unsuitable for torreiitin.l hill streams, 
except as guide bauds. Guide bunds designed to protect crossings 
(bridges or causeways) should be sited well upstream of the crossings.. 

Where restriction is unavoidable at a erosslivg, or where a causeway 
or bridge spans a, portion of a nala between high banks at a site where 
it would be manifestly extravagant to span the entire width between 
high banks, any necosssary protection should be designed with the 
specific object of guiding the >vater straight through the crossing. 
Particularly in the case of major bridges, this protection is best given 
by providing a bund at either or both abutments, running upstream 
of the site, and at right angles to the bridge, to a distance upstream 
equal to the length of the bridge. 

Ejcoept in the cas^ of silting river, it is frequently advisable par- 
ticularly in dealing wdth tori'ential hill streams, gradually to curve off 
the bund above this point, at an angle of to 140^, to the pucea high 
bank, into which it should be firmly built. 

When necessaiy, the abutment guide bunds described above should 
be carried a short distance down-stream of the abutments, and curved 
off at the end. 

All projecting bunds must be firmly built into the pucea bank at 
the point where they take off from it. Exposed terminal ends of all 
bunds should be curved round, and their foundations should be particular- 
ly well protected against scour. 

For fuathar details regarding training worts, see Chapter VIII, 

34. Scour and depth of. foundatiom ^ — Care must be taken to con- 
st Act foundations of bridges, causeways, and culverts of- adequate 
depth to avoid destruction by scour. 

A useful rough rule, applicable to torrential nala beds of boulders 
and shingle, is that the depth of scour in straight runs, where no re- 
strictions to waterway are caused by the structure, is equal to half the 
maximum depth of water at high flood level, and on curves it is equal 
to the maximum high flood depth. Foundation should be not less 
than twice the depth of scour in the case of culverts and causeways, 
increased to three times in the case of bridges. Each ease must of 
course be considered on its merits, with due regard to the formation of 
the nala bed as well as other considerations of eatehmeot area, slope, 
velocity, etc. 

' For' d 0 tail% see' Chapter. V. ^ 
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85. Sidings and Farkmg place (halting ot passing places) 
will ordinarily be promded at watering places .5 at the top o£ all long 
inclines, and al each end of bridges which are not wide enough for double 
wheeled traffic. They should be capable of taking three lorries, and 
should be located, if. possible, alongside level stretches of road. 

Normal dimensions: ~ 65' in length by 16^ maximum width, ‘ the 
outside edge away from the road to be on the arc of a circle of 39^ 
radiusv ■ ... ■ ■ , . 

Sidings should be soled and metalled throughout, in contitutation of 
the roadway metalling. * 

They should be provided with an outer perimeter drain connected to 
the roadside drain, except where unnecessary in the case of sidings sited 
on the outer sides of half cuttings, or of embanknients. 

Metalletl parking places of suitable sizes shoidd be provided if spe- 
cially ordered, at termini and stagc 3 s. 

Levelling and gauges.-^'Bowmg rods should be used in preparing the 
subgrade to get even slopes between points where the gradient changes 
In hilly country the centre line should be pegged out by asi experi- 
enced officer and all considerable curves should be nceiirately “aligned with 
the aid of a theodolite, when they ca?umfc be struck from a centre. 
Subsequently the edges of the soling and metalling must be demarcated 
with strings from the centre line,. 

Accurately constructed wooden gauges with idummets must be 
used to get the proper slopes for camber, slopes for berms^ cross banking, 
batter of walls, etc. 

37, Mih and Furlong The standard type of milestGue is 

triangular in section with a sloped triangular top. The distances to 
important places in either direction are given on the two corresponding 
main faces, together with the months in which the adjacent miles were 
last remctalled. On the top face are recorded the record mileage 
measmcd from the stiirt of tire road), and the altitude. 

In trans-frontiar, districts, to avoid tempation to destruction of 
regular milestones by tribesmen^ the mileage and forlcngage is frequently 
painted on large rocks,’ , " ‘ , 

Furlong stones should be provided on both sides of the imd to mark 
the road boundaries on cultivatable land. 

For disign of mile and furlong stones see Chapter IX. 

88 . Direction and Warning Direction and warning road 

signs are grouped under the following head: — 

Koad Direction. Posts. 
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Warning Signs and Notices, 

Village and place name signs^ 

Signs, of the standard patterns, shotild be prolrided, as iieeessary. 

In the case of roads outside cantonments in trans«frontier districts 
regular sign posts may be liable to destruction by tribesmen In such 
eases road signs should be provided to the. extent practicable ; tints 
Tvarniug signs, eonEorming to the standard devices and colours, may be 
painted on large rocks. 

For designs of road sigrts, and ^bmdard sytKboIs, see Chapter IX, 

89. Roadside Eoadside trees will be provided^ if specially 

ordered, in plains sections. They should be planted otitside the road 

formation, but inside drainage ditches and borrow pits, except in the case 
of high embankments, where they may have to be outside them, if 

provided. The normal miaimum distance of the lines of trees from the 

centre of the roadway is 20^ 

Special methods op eoad sueeacino, 

40. Special Ileffmh' of lioad^ Surfacing , — -The use of oil and tax' 
spraying, tar macadam, of cement concrete, for road surfacing, is not 
here specified, as owing to climatic conditions, the difficulty of obtaining 
materials of adeipiate or suitable quality, and eXpjense, these methods are 
not at present practicable on Military roads in India, as S. general 
measur©. Tar macadam or spraying and oiling, are however desirable in 
cautooinents and in M, T, yards, to improve the wearing capacity and tCf 
minimise dust, and the use of these methods should be developed they 
are perfect ed by exj^erienoe for, Indian climatic conditions. A reference to 
these methods is made in Chapter X. 

No measure of special surfaeing will, of course, entirely remove the 
dust or mud nuisance on roads on which the provision of full width 
metalling or other surfacing cannot be afforded. 

EoAD SlTEVEY. 

4L Road Surrey, — 'Practical notes on traver^^ing and levelling are 
given in VoIttMe I, Chapter X. 

Particulars of the maps, road plans, and cross sections reqtiired, ate 
'given in Chapter XI of this "Volume (Estimating). 

Methods of setting out curves are given on Hate II. 

Instructions regarding levelling and gauges are given in para, 36 of 
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CHAPTER II L 

General specifications for nametalieci Roads, 
Isitrodnctory — Usimetalled Cart Roads— Pack Transport Roads-,' 

; InTEODUCTORY. . . 

•1. Jppif cation of spee(ficatio?is specifications and dimen- 
sions, etc., here given are of primary application to millitary roads outside 
cantonments. " 

They are, however, of equal appHeatioii in principle to roads inside 
cantonments, in cases in wiiich unmetalled roads are required, 

Leading dimennom , — A summary of normal leading dimensions, 
etc., is given in Appendix IIL 

UnMETALLBD CAET ROa^nS. , r ' - : 

3. Unmetalled Cart The specification for an unmetalled cart 

road (Class IV), should follow that for a metalled road, subject to the 
omission of soling and m^talling^ and other variations indicated. The 
alignment should usually be such that the road can be improved to a 
metalled standard if required, ■ 

4^, Snper>^elevdiion,'^lilo '^(li^^ of use of the roads by light MfT.j 
saper-eieyatipn should be provided as on Class I to III Roads. 

5, Bound Surface , — In localities where shale or good gravel is found 
the surface should be dressed and rammed or lightly rolled to the required 
formation, and the traffic will work in the material and produce a hard 
surface. 

In softer ground a 2" layer, 9' tp 18' wide of broken stone or brick 
ballast, covered with l''" of clay, and lightly rolled in, over to 12" of 
loose stones, may be given where practicable and desirable. 

On hard rocky ground, the surface should be dressed to camber, etc., 
depressions being filled in and rammed. 

6, Scuppers and dametm;gs,-^Bm]^fBT& and causeways will as a rule 
be freely used, where practicable, instead of culverts and bridges, m 
Class ly iwisv 

7, Sidings.-^TheBe are not provided on plass IV roads, exempt -^.here 
specially required in hill sections. 

I4I3 ' ' ■ ■■ . ■ . ' ; B, 
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8, Road Signs. - Road signs, except mile and furlong stones, directions 
posts, and village signs, are not usually provided in Class IV roads except 
at very 'dangerous places. 

Pack teansboet eoabs, 

9. Pack Transport Roads . — Camel and mule roads (Classes V and 
VI) belong to a different category, .and are not aligned so that they can 
be subsequently converted into a wheeled traffic road, unless specially 
ordered. They are primarily hill roads. 

10. Riding ruling dimensions of these roads are 

given in the summary of leading dimensions for aiirnetalled roads 
Plate II). 

The general instructions in the specifications for metalled roads are 
of application to Class V and VI roads in the following cases i~ ' •' 
Land width, drainage, retaining and breast walls, training 
works, levelling and guages, and bridges and culverts as 
applicable* 

11. Hoad &-^r/ht’<?.~The road surface must be dressed to camber or 
cross slope and rammed if, necessary. 

12. GTadienU.-^l!\\^ maximum gradients of 1 in 8 and 1 in 6 for 
Class V and VI roads are permissible in lengths not exceeding 400 and 

. 300 feet, respectively, and the rise per mile must not exceed 500 and 
750 feet, respectively In Class V roads, on curves of radius less than 
20 feet, and in Class VI roads, on carves of radius less than 10 feet, the 
gradient should be nil or very slight. 

13. Drainage , — The surface drainage on gradients should be inteiv 
cepted by shallow rough dry stone cross drains. These cross drains 
should be provided at Intervals of 50^ to 3.50^” according to the steepness 
of the gradient ; the steeper the gradient the smaller being the intervals 
between the drains. 

On zigvzags particular care must be taken to build the cross drains 
on the lower stretches of the road to correspond with those higher up, 
and every opportunity should be taken to lead the {Jrainage right away 
from the road at. all bends. 

14. C///w/?^.~Caiverts are not usually provided in Class V and VI 
roads, except where essential across irrigation channels. 

Where they are necessary dry stone culverts or tubes are generally 
suitable* 

16, Bridges and Cansewaga . — Bridges and causeways are not provided 
in Class V mil VI roads, except where bridges are specially necesss^ry, 
as across a gorge to avoid a devious alignment, or across a deep perennial 
stream, 'i. " 
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1,6. Sidings and Sup€r^elevation,'>^SiiingB and super-elevatioB are not 
provided in Class V and VI roads. In hill seefcions these roads should 
ordinarily be given a cross slope of 1 in 20-30 to the inner drain, or to 
the outside edge on re-entrant curves. 

17. 3Iile and Furlong and furlong stones ^oiild only 

be provided in Class V and VI roads where specially ordered. 

18. Birectmi mid Warnmg posts and village signs 

may be given in Class V and VI roads, if specially ordered. 

19. Boad-side i5^'^^,?.*«-Roadsid6 trees are not provided in Class V and 
VI roads. 
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CHAPTER IV. 

^ ■ Retainiiig . Walls.., 

lotrodnetoryr^Priiieiples: of . D.esiga*^GFapMcal:M of ; Desiga-^ 

Analytical Method of Desigii—Breast Walls-^Economk Sections 
■ ' .for relainiag Walls-^Methods; of F ailnre & .General Reissar its— : , 
Specifications for Retaining Walls. 

Introductory. , 

1. lntrodueto}y/.-—Qeneviil paiticalars regarding the design and 
eonstruetion of retaining walls are given in the General Specifications 
(Chapter II), ; ■ 

In this Chapter detailed xnethods of design are described. These 
principles are of equal application to abutments, which are essentially 
retaining walls, • 

Princitl!‘JS op Design. 

E. JS^aiural Data — IFeigJUs. 


Hammed earth 



100 lbs. per 

C* ft<^ 

Sand, dry ... 

... 

... 

... 100 

55 5) 

55 59 

Sand, moist 


00<> 

... 100 

55, 55 

99 59 

Sand, wet 



no— 125 

5J 95 

JS 59 

Clay 

. . . 

. .O' 

110—180 

55 95 

59 59 

Gravel and Sand 



120—130 

55 95 

59 9 5' 

Water 



... 6;>i 

95 99 

99 99 

Lime Concrete 


» « • 

■ ... 115 

59 59 

5?':;59 

Brickwork 

. . . 

... 

... 120 

59 5? 

35 95 

Dry stone ma.sonry 

... 

... 

... 130 

51. 55 

53 95 

Cement Concrete 

■■ ; 


130—150 

#5 99 

55 55 

Stone Masonry 


« « e 

... 160 

59 59 

,55-.9>': 

Angles of regiose, 

Eartij, loose 



... 30°- 

-4'5®:,:' 


, Earth rammed 


« • # 

... 60°- 

-70® 


Sand, dry 


0 0. 

... 25°- 

-35®- 


Sand, moist 


a « e 

... 80°- 

-45° 


.Sand, wet 

« «* 

: . ».» ■ 

... 15®- 

-30° 


Clay, dry , 



...23®- 

-so® . 


Clay, clamp or well drained 

• 9:* • 

... 80®- 





» # 4 ■■ 




Gravel and Sand 



... 26®- 





. « . 

...' 0® 
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Co-ejfieien is oj fnciion , 
Masonry upon moisfc elay 
„ sand 

„ dry elay 


gravel 

masonrv 


•S3 

•40 

•50 

•60 

•70 


The angle of internal friction is about} 20 per cent, to 40 per eent. 
greater than the angle o£ repose of the loose material ; 25 per cent, 
may be used generally. 

3. Notation , — Units are degrees, feet, and pounds. 

6=: angle of internal frinotion of the bactfill material 
S — angle of surcharge of the backfill. 

angle of resultant force on the wall to the vertical 
h=: vertical height from base to top of Riling on a verticle Hue 
through the heel 
H = height of wall 

B=: width of base without toe projection. 

T=to8 projection beyond face of wall. 

Css ratio of horizontal to vertical pressurCe 
P =5 total horizontal pressure on wall. 

F= total of vertical forces 
resultant of P and F. 

Vrs total vertical load per foot length of wall from tlie vertical 
component of the backfill pressure (P tan S) and any super- 
imposed load bridge span). 

W= weight of backfill meterial in Ibs./c. ft. 
m=»weigbt of wall material in lb,/e. fto 


m 


k=:- 

psstoe pressure on base B in Ibs./sq, ft. 
f=.toe pressure on (B 4* T) in lbs. 

B=:£ace batter for a batter of 4 over 1, n=s 24 ). 

1= foundation slope for a slope of I in 8, q=8)* 
ersexcentrieity of the resultant. , 

srthe distance from the centre of the base at which the 
resultant cots the base. 

W B , — ^^For convenience, the forces on one foot length of wall are considered 
thronghont ' ■ 

4, BaoJ^U Plate V. 

The direction of the resultant pressure of the backfill material on 
the wall is always parallel to its surface. The horizontal and vertical 
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components of the resultant pressure are P (see para 3) and P tan 
where S—the angle of surcharge of the backfill material. 

The. intensity of the horizontal pressure on a retaining wall depends 
on the unit weight w of the filling, and the ratio e of the horizontal to 
the vertical pressure, e depends upon the values of the angle of 
internal friction 9 and the angle of surcharge S* 

If c=*26, and w^sslOO. 

The horizontal pr6ssure=s;c and the vertiele pressure =:.w 

for verticle pressure the material may be considered as a fluid 


weighing 100 Ibs./e. fi, and forhorissontal pressures as a fluid weighing 
25 Ibs./c. ft. (For water cssl). 

The horizontal pressure per sq. ft. at any depth w H . (1) 

and the total pressure for any depth H, or against a wall of height 

cwH'^ 

(Rankine) •*. (2^ 

2 ' 

The location of P is through the centre of gravity, i. 

above the base. 

(i) With a level backfill, when %^Of 

1 — sin © 

l4-sin ©' ' ... ... (3a) 

(ii) With angle of surcharge % between O and ©, 

cosS 4*v^cos® ... ■ (3b) 

(iii) With an angle of surcharge S — 0 

c»eos^© (8c) 

A graphical method of finding c is also given on Plate V. 

For an increase in S from O to 4/5 0, c increases by about 1/0, but 
as incaeases from 4/5 0 to 0, c rapidly increases, until when SJrs©, c 
is 2 or 3 times its value corresponding to 3 = 0* 

From this it can be deducted that wing walls at 45*^ to the direction 
of the slope of a surcharge fill can be designed as for a level fid, without 
appreciable error. 

5. JSJ^ect of a snpermpomi a load W, such as a vehicle or 

a building, is placed on the fill within a distance H o-f the top of the 
retaining wall, the wall must be designed fox m increased height, 

' . W 

— - 

^ HBw ... , ■ . ....,,(4) 

where Disk the length parallel to the Wf^ll on which the superimposed 
..,'load-W is -distributed. . ^ ; 
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^lins, if W=:a \% ton road roller 


D==:15 ft, 
w=s5 100 Ibs./c. ft. 




12X2240 

14X15X100 


and this value must be used for H. 


15-28 ft. 


6. Forces on a retaining The forces acting on a retaining wall, 

which are to be consider, are ' ^ 

(/) Horizontally. 

P=:the total horizontal pressure of the backfill. 

{ii) Vertically, 

F=W^ + Wi, + PtanS + ... (5) 

Where ^ the weight of the masonry of the wall. 

Wt 3 — the weight of the backfill between the back of the 
wall and a vertical line through the heel, 

* P tan S =3 the vortical component of backfill' pressure. 

( = 0 in the ease of water or a level backfill). 

Wg =s: any superimposed load, such as the superstructure and 
live load on a bridge in the ease of abutmenis. 

The resultant of P and P is E, acting at an angle ^ with vertical 
u,nd cutting the base at a distance e {exeentrieitj) from its centre. 

7. Overturning , — For safety against overturning, the resultant R of 
the horizontal and vertical forces must not pass outside the middle third 
of the base of the wall. When the resultant cuts the base at the 
mininmm distance of i of the base from the toe, the pressure on the 
heel of the wall is zero and on the toe it is twice the average j the 
factor of safety against overturning is then between 2 and 

8. Pressure on foundations , — The pressure on the foundation materi- 
al at the toe of the wall must not be greater than the safe working 
stress. By projecting the toe the centre of the base is brought nearer 
to the resultant, and the toe pressures are very much reduced (see Plate 
VI), Projections on the heel . increase the maximum toe pressures, ahd 
should not he given. 

The average pressure on the foundations 

V total vertical force or load ; 

'Width of Base . 

P 



26 


MILITARY EKGINKBR SEEYICBS HANDBOOK. 


Tile difference in pressure at the toe and heel due to exeentri- 
eifcy e of the resultant force from the centre of the base 

T, 6 X vertical force x e 


: ® ^ Base^/ . ; 

(See Volume I, Chapter IV and Plate XXVII, Case A). 
_ 6 X Px e . 

' ■ : V ^ •; ■ ■ ■ ■ v 

The'tnaxiuium pressure at the toe, 

and at the heel, P,, = P„ — P„ 


... ( 9 ) 

If is greater than Pa^ giving tension at the heel, which is iinpossi- 
bio, the tnaximum toa pressure at the toe 
2 X vertical force 


where X = 


B + T 


-(T + e) 


2 

and b==:Iength of w^all under consideration = 1^, 

(Sea Volume I, Chapter IV and plate XXVII, . Case B), 
2 F . 


i.e,, Pfcs 




(10 


9, — The wall must have a factor of safety of 2 against 

sliding ‘ . 

To meet this conclitionj tan must not exceed half the eo»effieieut 
of friction of the wall on the foundation material. 

Tim value of tan can be decreased, if this proves neeessaiy, hj slop* 
ing the foundation downwards towards the backfill (see Plato VI), and 

taking this foundation slope as 1 in q, tan p* ^ — must be less than 


half the eo.-effieieiit of friction. 

, For the graphical method of design 

total horiKoutal force _ P 




total vertical force 

For the analytical methocL 

• ' ' 'c w ■ 

tan P* 


(ii) 


{1E> 


2V+pB . 

where V = vertical load per ffc. length of wall, from the vertical 
component of the backfill pressure and any super» 
imposed load a bridge.) ■ 
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B = width o£ base without toe projection. 

P=:toe pressure on base B in Ibs./sq. ft. 

10. Explanatimi Plate IV illustrates an abutment 

solved graphically, utiliaing the graphical solution of c shown on Plate 
V. 

The tables on Table VII give values for use in the analytical method 
o| solution of retaining walls. 

Piute ’\^I gives standard proportions for retaining walls, to suit the 
average conditions stated thereon. These proportions can be applied 
direct in practice, subject to the requisite calculations being Itnade in all 
important and exceptional cases. (See also para. 18). 

GiiAPHiOAL Mbthod oe Eetaiking Wall Design. 

11. Fir%i Emmjile {25^ abutment), Plate IV, also Plates V 
and VI. ' 

An abutment has been chosen, as it introduces a load from the 
bridge. The design as a retaining wall would be on tli 0 same principles 
omitting the bridge load. 

A masonry abutment ^5' high is to be designed to retain an earth 
backfill and' to cany a 100 ft. bridge span. The maximum pressure on 
the foundations must not exceed 2 tons = 4?, 480 Ibs./sq. ft. 

The proportions given for masonry abutment with a vertical face 
will be adopted as a first trial, and if not satisfactory will be modified. - 

See Chapter VI and Plate XVII, 3rd type. 

Width of base without toe projection. 

B =::: *40 X height H = 10 ft. 

Width of toe projection. 

The forces' on one foot length of wall will be considered, ^ , 

The weight, of the filling, 
w==100 Ibs./c. ft. 

The weight of the wall material 
m‘=.150 Ibs./e. ft. i 

. Angle of internal friction 


^8 
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By tlie graphical method given on Plate V, [Case (1) ], plotted on 
Plate IVj the ratio of horizontal to vertical pressure c = *17 or, by 
equation (3a), (para. 4), 

Horizonlal Force,— equation (1), (para, 4)., the horizontal pres- 
sure 25 fb. from the surface 

= e w H = *17xl00x25==:423 Ibs./sq. ft. 

The whole pressure may be represented graphically by the triangle 
abd (Plate IV), 

p abxbd 25X425 ^ . 

P==— ==5,320 dbs.'V. 


2^ 2 ^ 
or, by equation (2), , 

cwH^ 17x100x25^ 


■.:P=ri 


2- 


2 


:6 S20 lbs. 


P is taken as acting through the centre of gravity of the triangle, 
H 


n I?,, at a height 


j 8’38 ft. above the base. 


Variical Force . — By equation (5), the vertical component of the 
resultant force on the wall, per ft. length of the wall, 

W 3 a=: Wj^i +■ '^m2? Weights of the rectangle and triangle 
^ . which may be taken as composing the 

. abutment (See Plate IV). 

Wi =(26x8^3xl50)=^12,4001bs. 


W. 


m2 ' 


: = 13,60 0 lbs. 

Wb= -(g.!25^:|.y-L0= 8,400 lbs. 

For Wg the weigh fe of the 100 ft. span is about 3,000 lbs. per ft. 
. run. The aboutment will be 20 ft, long. 


-.w. 


.3,000X100^ 1 

-X:.' 


: 7,500 lbs. 


3 '’20 

.■ .F= 13,400 + 12,600 + 8,400 + 7-, 500=40,900 lbs. 

The horizontal distances from the vertical face of the wall, of the 
forces making up F, are:— ' ' „ 


W, 


3E' 1 


3_^_ 

3 ■ 


:1'66 a 


m 
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-St,; 


... 

,...<3'3+ !:!)=5-S3ft. 

,3 

W, 

... (3-3+— ^'h-7-77ft. 

W, ... 

1-25 ft. 


The mooieiit of F about fche faoe of the abaf:meiit=:fclie subi of the 
tmomeats of its compoaentsp 

/.the distaaee of F from the vertkal face 
(IMOOx l-65) + (lM00x 6‘o3)+ (8,400 x 7*77)+ {7,bmxVU) 

40,900 

=4-02 ft, 

Bemltant.—To find tlie resultant, plot to any suitable scale the 
triangle of forces mnq, in which” 

mil =s:F==: 40,900 and nq=P=: 5,820, ^ 

Then R=niq=s41244 lbs. • 

OmrUmiing . — The resultant R intersects the base *55 ft. beyond the 
centre, within the middle third, which satisfies the condition of 
stability against overturning. 

Prmnre on Jhmdatiom»’^Bj equation (6), (para 8), the average 
pressure on the foundation 

= 1 j^ Ibs./sq. ft. 

By equation (7), the difference in pressure at the toe and heel due 

to the eccentricity e of the resultant R, 

_ 6xPxe 6x 40,900 x *56 , 

1*6 - (B+f j8~ == 138 =8001bs./sq. ft. ■ 

i. e., 800 Ibsr. compression at the toe and 800 lbs. tension at the heel. 
By equations (8) and (9) 

Max. pressure at toe , . 

Pt ==Pa +Pe =8,940 lbs./sq. ft. 

Max, pilSssure at heel 

Ph =Pa ~Pe =2jS40 Ibs./sq. ft. 

The diagram of base pressures is drawn as shown on plate IV. Th* 
rectangle I, 2, 3, 4 represents the average pressureaa 8,140 Ibs./sq. ft. 

The difierehces due to excentrioity (800 Ibs./sq. ft.) are plotted as 
8, 5 and 4, 6. , 

Triangle 6, 7, 4 cancels out, leaving as the resultant diagram of 
base pressures 1, S, 6, 2. 

Sliding , — The angle of the resultant R with the vertical, =qinii 
•t'tan M ssfcan . 
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For masonry on earth, the eo-efSeient of friction ==*40; 

Tan is less than J this, 

.•.the abutment is safe against slicfing, . 

the resultant lies within the middle third of the 
fease^ and the maximum pressure on the foundation, . and the resistance 
to sliding, are satisfactory, the design is suitable^. • , i 

1^, Tmiaiiom, — If the maximum foundation ‘pressure were excessive 
the toe would require more projection. If the resistance to sliding 
were too little, the base width of Mie wall would have to Be increased^ 
or the base would have to be sloped down towards the backfill at a 
PI. 

slope 1/q such ‘ thafc^- — is less than the safe value for tan 

1’^, Necessity /or ioe projeeHo7i.->^^ should be noted that, if there ‘ 
were no toe projeetion, the maximum toe pressure would be as 
follows 


, e/: 


B-bT B 

( —'I — }“e)=:(l’0+-55);;=a‘OS,'say 2 fk 


Average base pressure 

•pg 4,090 lbs./sq. ft. 

By equation (7), (para 8), the difference in pressure due to 
excentricity . 

Ibs./sq. m 


,, :3^ 

.\max, pressure at toe 

*®P a'+ P 

and pe being greater , than pS there would be a tlieoretical tension at 


the heel 


.’..by equation (10), in this ease the maximam toe pressure woulci, 


be 


P ** ; '; 3x 
where x 




„ (T+ e)*:6-5 - 3-65=2-95 £t, 

2x40,900 , 

Tjii& 


y:fi. 


“ t'" 3 y 3-95 

. Tins is doable the permissible 'raaximmn load' on the foundation, 
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•ANxiLYTicAL Method RetaihinO'Wall TDesigk>. 

1 4a Analytical Method . — The graphical method of design is tedious, 
'a,’nd toay necessitate several trials before the right section of wall is 
determined. The graphical method need only be used for special eases 
not easily solved analytically. 

The analytical method is ranch quicker^ and .gives directly the 
■ ■ B . 

^leeessary proportioB |^and the other requisite details. 

In table VII, equations for determining the value of |j-, together 

B' ■ ■ 

with tabulated results for n" maximum toe pressures p, and factors . of 


of safety against overturning, to meet various conditions, are given. 

; "■ ■" ' B ■' ' . ' " ^ ' ' ■ . .■ 

' The equations for g" of equal application to walls retaining 

water* where c ssal. 

15 Second Example (50' retaining wall)^ — A retaining wall is to be 
designed .^0^ high to retain a level earth backfill with an angle of 
internal friction=S7®. The maximum pressure on the foundations must 
‘not exceed 14 tons— 3,860 lbs,/sq. ft, . 

A wall with a vertical back will ,ba adopted# Make the top thick* 
ness of the Wall ’ 

H^30 a 

' 

1-Biu8r 


=l-'5 


■•05 «-87 


~l + sm 37“' 

From equation (7) on table VII. 

B ' ' /T~ ' ■ 

.•.B== -87x30=: 11-1 ft, Say U" F 

From the tables on IPable VII. 

Max. toe pressure 

p® 190H=:5,700 lbs./sq. ft. 

Max, a llowable pressure 8,860 
; Max. pressure on base B~6,76d~ 
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a fcoe projection T is necessary, such that the toe pressure on the 
base (B + T), f, is not greater than '59 p. 

■ . ' ' ■ ^ B' ■ ' 

From the foundation pressure table on Plate VI, Ts; 


5 


f=-.5% 


Make T = 


B 


:2,22 ft. 2' 3". 


B. 


Froja Table TII, tbe factor of safety against otertusniog for bas© 
! 2.08 j this is increased by the effect of T. , - 

For sliding, by emulation (12) para (9) 
ew 


tanM= 


■2V+pB 

•26x100x30^ 


0+(8700xll*l)' 
But tau fi- must not exceed 
co-efficient of friction 


■355. 


•20 


tbe base most be sloped at tan~*(‘355 — ’20) 

‘ =tan~'^ ‘155, or 1 in 6|^. 

From the above results, and the proportions, for retaining walls giteti 
oft plate TI the design can be completed. 

16. Applications of analytical methoi to 1st Burampfe — The foundation 
pressure at the toe, in the case of the 25' abutment worked out in 
para H and solved graphically on Plate IV, can be approximately 
found analytically as follows j— 

The exeentrieity of 
B+T 


'C 




w 


By equations (6) and 
W 

9 , 6xW. Xe® 


TT^l'25)=r®^5---S---l‘2&=2'25;;^ ■ 

(7), tbe toe pressure dae 

:6:xlfiooxip+" 


t® 


7,600 


+ 


1,177 


Ibs./sq. ft. 

From the table on Table VII corresponding to F=1.5 and equtation 
(1) thereon for a vertical faced wall, the tod pressure due to the 
ramaining vertical oroes, (for base B. disregarding the toe pro- 

p sa 260 B appro*. 

2 = 260 X 25 = 6,606. ibs./sq. ft. 

8B B 


The feoc projection T* 5' 3 


tiMi 


3.S 


■ ,i 
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Interpolating tins in the foundation pressure table on Plate VI 5 
tlie correct toe pressure f, on (B + T) ='*39 p approve, 

= 2,540 Ibs./scp f,tu 

.".Max, toe pr6ssure=l, 177 + 2, 540 = 3, 717 Ibs./sq. ft. 

This may be- compared with the ¥alae 3,940 Ibs./scp ft. dariyed 
by the lengthy graphical process,, , ■ , . : , ' 

For sliding 

V=PtanS + Ws=Ws (?) . ’ ' 

and by equation ( 6 ) 

. „ ’,ewl] ^ v, , , 

tan /^= ^ 

2 V + pB; Jr 

_ *17x100x252 

(2X7,500) + (6,500x10) 

which practically agrees with the yalue for tan "IS, obtained by the 
graphical method. 


-Bebast:, .Walls*'. 


17, Bremt Walls — Proportions for breast walls are given on Plate 

YI, Types E and P. The equation for this case is . 

. © ■ 


/ cV 
H HK. 


r. 


giving a factor of safety of 2 against overtarning 
where n=the batter (usually = 3/1 or 4/1) and 
Cl =2/S t for a batter of 3/1, 
or =8/4 c for a batter of 4/L , 


iSliil 


Breast wall designs are solved similarly to those for ordinary 
retaining wallsj subject to the above special equations appUcablt to 


them. 
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Economic Sections, im Retaining Walls. 


IS. Scouomic Sections — The relative qiiaotities of Doaterial^ and the 

toe pressures for walls of various sections, taking a rectangular cross 
■seetiGD-as 1‘OOv are ■ - " ' ' 


Face 

vertical. 


J2/1 

■8/1 ! 

e /1 

4/1 

Back 

verticai 

Bectangu- 
lar wall. 

Symmetric 
cal wall. 

Material 

“69, „ 

*-62 

>6i 

, “60; 

'>69’ 

. ' ■ ;>.'*57 > 

1-00 

■; >6l'>-' 

Toe pressure ... 

*87 


*77.’ 

.*74 

*67 

,, ' 

*63 

1-00 

■ * 75 ; ■ 


The rectangular cross section requires the most material, and also 
^)rodaees the largest toe pressures on the foundation. 


For simplicity in construction and for economy in material and 
low base pressures, the sections with face vertical or a batter of 
over L or with back vertical, are the baste 

Methods oe failure and general remarks* 

1^. Methods of ^^iefor^.—Retaining walls usually fail through 
errors in eonsti action such as 

(i) Settlement of the toe, due to too shallow foundations or to 

the presence of water at the toe^ or to no toe projection 
being provided to reduce the pressure on the foundation. 

(ii) Lack of proper drainage, allowing the fill to become saturated 

and causing a large increase in the earth pressure, 

(iii) Carelessly placed backfill not properly rammed* 

(iv) Insufficient bonding in the masonry courses. 

(v) Masonry courses not at right angles to the face of the wall. 

An examination of the proportions for retaining walls according 
to Marryat’s specifications, and Tmutwine^s, General Panshawe^s and 
Sir Benjamin Baker’s practical rules, shows that they agree with the 
proportions derived by theory for an angle of internal friction between 
4>5° and 63®. 

The retaining walls for average conditions shown on Plate VI are 
based on and ©5=46®* 

If local e^sperience from , failures indicates that these walls are 
hot strong enough^ their proportions may be increased, provided that 

the failures are not due to lack of proper foundations or drainage, to 
sliding or erosionj or to ejcessive toe pressures on the foundations due 
to an inadequate toe projection on the base* 
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In all important} and exceptional eases retaining walls must be 
specially designed by the methods herein described. 

20. SurcMr^ed Shpes.—¥Qv a surcharged slope it is sufBeient to 
increase the base dimensions by. 20 per cent. In such eases the 
resultant earth pressure is parallel to the surcharged slope of the fill, 
and although it is greater than for a level fill it has a smaller leverage, 
and the overturning moment is not much greater, except when © is less 
Sian about SO^, (a rare occurrence except with water and very wet 
sand, when special designing is always necessary). 

Specifications foe eetainino walls. 

21. Specifleattons,~AQmvdmg to the strength and service required, 
retaining wails may be constructed of: — 

(i) Rough dry stone, on lime concrete foundations if necessary, 

(ii) Rough dry stone, with strengthening bands of stone in lime. 

. (iii) Masonry in lime or lime concrete, on lime or cement concrete 
foundations. 

(iv) Masonry in cement or cement concrete, on cement conoreta 
. .foundations. /v ^. - 

(i) and (ii) apply to ordinary retaining and breast walls, not 
impinged upon by Hoods and not required to hold water. 

(iii) and (iv) apply to ^abutments^ and to. important retaining walls 
or portions thereof. (See also Chapter II, para. 3*2.) 

The specifications generally should comply with the masonry 
specifications in Chapter VI and Volume I, as applicable. 

22. Fouiidations must be taken deep enough to reach 
solid material, safe from scour, frost, and surface water. Rock must 
be cut in level steps or to a downward slope towards the filling. 

The foundations must be at least 1 foot, plus 1/10 of lihe height of 
the wall, below ground level, 

23. 3£asonry,^T\iQ base must be substantial and be capable of dis- 
tributing the pressure over the foundation. The projection of any 
footing course should not exceed half the depth of the course: 

Masonry courses must be normal to the face batter | the back of the 
wall can be left rough or stepped. Special attention must be given to 
through bonding, specially in dry stone walls. 

24. top Miickness of the wall should not be less than 
V or 2^ O'^. The coping should consist of large stones, which must 
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be laid in cement mortar where liable to damage from trafBc* * The top 
of the coping should be weather sloped- 

25, Drainage . — Adequate provision rniist be made to prevent water 
aeeiimiilating behind the wall. Weep holes :2 to S inches square should 
be provided about every 6 feet vertically and horizontally, the lowest 
being about one foot above ground level 

The inlets of all weep holes should be surrounded by loose stones. 
In wet situations a continaous loose stone drain sliould connect the 
horizontal weep holes. 

26, Backfill . — The layer of backfill immediately against the wall 
should consist of stone or of the most granular material available, /the 
remainder of the backfill should be rammed in 6-ineh layers, sloping 
away and downwards from. the back of the wall 
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CHAPTER V. 

Bridges and culverts— Calcuiations for waterways Depths , 

. ■ of foundations, and loads. 

General Principles of Desigti—Cakolationsfor Waterway and Depths 
■■ ■. ;cf; Poimdalion8— Calcnlalioiss fer Load on Bridges -and ' Calverts -on . ; 

Mechanical TraBspori andGart.'^'R^ for Load;': on;; 

' '^Bridges^andGnlyerts^o Transport Roads.' ' , 

General Prionieles .oe besign. 

1. W %ienoay . — As a general rule, it is not eeononiieal or advisable to 
restrict the waterway when constructing bridge or culvert, except in 
very exceptional eases. A restricted waterway increases' the velocity 
and the scour, and the consequent safe depth of the foundations ; it also 
necessitates training works which wnll often be gj an elaborate and 
expensive nature, above and frequently also below the bridge, 

2. Pomidiiiions . — Foundations must always be taken down deep 
enougli to be safe from scour* No reliance should be placed on training 
or protection works to reduce the depths of piers and abutments. 

3. Alignment of bridge wo7'h , — The aligment of all training bunds 
abutments, piers, banks, and retaining walls in the river bed in the 
vicinity of a bridge must conform to the current rather than the road. 
Thusji stream line alignment should be presented by piers, etc. i train- 
ing works should be aligned to lead the water rather than force it ; and 
generally speaking all preventable recesses or projecting points, which 
would cause eddies, cross currents, be likely to cause additional scour, 
must be avoided. 

4. NwnibefB and lengths of — Culverts should always be design- 

ed in one span (except where the use of a group of tubes is suitable and 
economical) 

As a general rule, spans of bridges should be as large and as few iii 
number as possible. - 

For .each type of bridge, there is a certain economic span length," 
which will give the' minimum total cost, and ^vhich should, be considered 
with due regard to practical considerations. 

5 Rule for Jkommic span of minimum cost occurs 

when the cost of one span of the structure carrying the load direct to 
the piers equal to the cost of one pier. , , , , 
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Items which are common to a large or small span such as metalling, 
kerbs,. parapets, handrails, and floor slabs, in the beam bridges, and floor 
slab and beams in truss bridges, do not enter into the problem, as their 
cost per foot of span does not vary with the length of the span. 

Take for example a series of R. S. Joist .spans with a slab floor total 
height of piers 12 ft,, Then the economic span will be about 12 x 1| = 
21 ft 

The comparative costs of the piers and R. S. Joists for 10, 20, and 
40 ft, spans of height above bed level up to about 12 ft,, are approxi- 
mately as follows . 

Not®.-— T he floor, etc., is common to all spans and does not enter into the compari- 


son. 


Clear span ... 

Cost of 1 pier 

Cost of 1 span of B. S. Joists 


10 ft. 
1 
2 


ToTAn 


Cost per foot of span 


20 ft 
8 
8 

16 

.8 


40 ft 
10 
S2 

42 

1.05 


Also for the same clear waterway the smaller spans will require a 
greater total length of bridging and the floor system will be longer in 
the proportions of 115 per cent., 110 per centra and 107 per cent, 
respectively. ■ 

There is therefore no economy in relatively short spans they require 
more pires, which multiply the difficulties met with in the foundations 
and they cause greater scour and obstruction to the stream, 

6, Oemral Pmporiiom for Eeo^iomc Approximately the 

economic span is as follows : — . . 

Masonry Arches ... ... L— 2 H or more. 

Eeinforced concrete slab on masonry piers ... L — 1| IT. 

Eemforced concrete slab on pile bents ... ... L— J H to H. 

Steel tronghing B. S. Joists and reinforced- concrete 
beam spans on masonry piers . ' ... L — 1| H. 

Steel Truss Spans on maeonay piers ‘ •» b — S 11, 

Where Lssispan Length in feet centre to centre of piers for mitiimum cost, 

. and 

total height of one pier or pile bent, from the underside of the 
foundation to the top of the pier or pile benty and for arehes^ 
to the intrados of the keystone. 

The cost will vary appreciably fof 2/3 to 1| times the above values 
of L, and for twice these values the cost will increase % about 25 per, 
cant* ■ , ' • ■ ■ , , 
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Where the foundations must be very deep and expensive, it wdl 
probably be'cheaper in tlie end to use sparis of twice the economic spaa, 
and halve the number of piers required, ■ 

Special rnleg for Masonry Ar€lm,-—¥ov economy in material in the 
arch ring and abutments, the rise of the arch should be between | and ^ 
of the span, and the span should be not less than the height in the ease 
of culverts, or not less than H times to twice tlie height in the 
ease of bridges. The height is measured froTn the underside of the 
foundations to the underside of the keystone. 

Spans in which the rise* is less than of the span, or in which the .. 
height is greater than the span, require more material in a.biitments, piers 
and wing walls. 

For the same area of opening it is more economical to increase the 
span than to increase the height | lienee spans, whether single or in 
-series, should be wide and low. ^ 

For culverts the dimensions should be about as follows: — 

Span ' , ■ ... 3' 4" 5'.. 6" 8' 10' 12" 

Heiofbt fi’om water run or fioor to under- 
side of keystone 2^' 4' 4f' 7' By 10' 

Totalareaof opening' sq.ft. ... 9" 14" 21' 29', 49' 74' .96' 

8. Arch, Ihidges for Miinvmm lieaihm^ or the 

height from the bed of the stream to the surface of the road is limited 
to the minimum requirements, the general proj)ortions of the span should 
be based on the average depth of the water at Observed High Flood 
Level. 


The following proportions are recommended;— 



Span 


B 


eqruik. 

eqnak. 

equals*. 

.Else ofjifch=»l/5 of spfin 

4*4 d 

2*2 d 

1*32 d 

_ . n . ' ■■ .»s . , 

4^6 d 

2*3 d 

1*15 d 

n 

... -4-8 d 

2*4 d 

•SO d 

•H ' “ 1 \ ^ ■ 


2'77d 

0 


Where A^height from average bed level to underside of crown of arch. 
Bss height from average bed level to springing of thearcL 
d==i height from average bed level to O. FL F. level, 
n if the waterway is contracted 

^ ^ Water ai^a l)6f ore- obstimtion. 

Sum of clear span openings. . 

Tiiese proportions give a total area of arcii opening of 1*94 times the 
waterway area which is sufficient area to pass a flood of B times the 
amount flowing at observed high flood. If necessary the level of the 
road should be raised to suit spans of not less than the above proportions 
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and elearancesj but beam or R/S. Joist bridges are more suitable for 
such cases. 

Calculations roe Watbewat and Depths of Foundations. 

9, far calculaUom for waterway and Practical ex- 

perience of bridges and caiisewa^ys shows the great importance ' of taking 
the foundations to a depth where they wili be below the erosion the caused 
by the greatest possible fiooci 

The object of calculating the waterway and scour is to ascertain 
the amount of waterway necessary, the effect of the waterway provided 
on the velocity of the stream;^ and the effect of the resultant velocity 
on the scour, the depth to which the foundations should be taken being 
determined therefrom. 

The oalealation and design of bridges is, however, in particular a 
branch of the Engineer's art in which theory must be tempered by 
practice, . just as practice must equally be guided by theory and 
experience. The methods of calculation here indicatfed, which are 
based upon a careful study of practical results on the N. W. Frontier 
of India (to the conditions applicable to which and similar localities 
they are primarily applicable), combined with a study of aeeep^I 
principles in regard to bridge design and of practice in America and 
elsewheae, should therefore be utilized, to obtain data to be adopted as 
a safe guide, and to be modified in the light of special local conditions 
and actual practical experience where necessary. 

The calculations indicated should always be made, wherever 
possible! safe rough rules for concurrent or emergency use are also 
given, 

10. Drawings. for bridges.^T)mmng^ for bridges should consist of:~ 
(i) A site plan, drawn to 1/100^' to 1/400^' scale, • 

(ii) Cross sections of the river bed, drawn to 1/^0^' to J/40^' scale 
horizontally and 1/10" to 1/20" %>'ertieally, showing bed level 
observed higli flood level, and all other useful iifformation 
relating to the hydraulies-of the river* 

(hi) Plans and elevation of the bridge, drawn to I/I6" to 1/40" scale 
showing centres and width of piers, depth of foundations, 
bed of river, observed high flood level and clearance to 
girders. Girders, abutments, and piers to be drawn in out- 
■ lin^ only. ‘ ‘ ^ ' 

(iv) Details of each, type of pier, and 'abutment, drawn 
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These scales are suitable for a bridge about 600 ft. long, 

For smaller bridges larger scales may be used^ but the drawings 
should not exceed ^4 inefies wide by S6 inches long« 

The scale of . a drawing depends on the siae of the smal]est 
deraensions. There is no object in drawing the bridge eleTation to 
scale necessitating a drawing 12 ft, long, whan only the centres of piers 
are to be shown. The bridge diagrams in this Handbook have been 
drawn to reduced scales ; about l| times to twice these scales would be 
normal, 

IL Siltn^ site of a bridge should be in a straight- 

reach of the river where the current is straight, and the banks are^^ 
regular, approximetaly parallel, and welf defined. The site should be 
i far enough below large tributaries and bends to' be free from their 

disturbing effect on the current. Where a causeway already exists 
the bridge should preferably be sited above it, as the causeway will 
cause the stream to head up and will thus tend to icduce the scour. 

i Bridges which contract the waterway, or are sited where the banks 
come close together, must have extra deep foundations and adequate 
training works, to ensure that the current will flow straight and not 
1; diagonally through the bridge* 

i; 12. Bun o^.--«Th 0 most reliable method of estimating the discharge 

’ or run. off from a catchment area is by calculating what the discharge 

of the river would be at the observed high flood level, i 

i In the absence of any such local data, any attempt to calculate i 

run off and waterways from first principles is liable to very serious I 

i error, as many of the factors can only be determined by reliable data 

j based on extensive observation, and such information will never be ■ 

j available where even fl.ood intormation cannot be obtained. 

' The run off depends upon 

■ (1) Tha extent, duration and intensity of rainfall on the eatehmeint [ 

‘I . area. ' . . ^ i 

, (2) The usual path of rain storms, whether up or down or across [ 

j the catchment area. ; , ■! 

i (8) The natural or artificial storage. . I 

, (4) The size and shape o£ the catchment area and its gradient. i 

(5) The character of the ground, whether bare and roeliy, or J 

, absorptive or covered with vegetation. ! 

(6) The time which the precipitated rain takes to reach tht site f 

p from every part of the catchment area due to the formation of- i: 

I-; .- ' ' the catchment area, its slope. - ■ |. 
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The waterway area depends upon the rnn off and tlie velocity of tlie 
stream, which depends on the gradient, the hydraulic radius, and the 
roughness of the bed. 

* ] 3. Enii off fonnulm* — For N. W. Frontier rivers the inn off from 

the catchment area is approximately represented by the following 
for mute ' 

, . Q=:=: maximum discharge or run off in cubic feet per second ; 

Mrr catchment area in square miles above the site of the Bridge ; 
this may be measured from the Survey of India maps. 


For M less than 9^ square miles 1,200 (1) 

For M to 12,000 square miles <5=2,100 ,,, (2) 

a variation above or below of S3^J<?r cent, in both eases. 

Colonel Dicken'^s formula for all-India is Q=CM* ,,, (3) 

in which 0 averages about 825. 

Ryve^s formula for Madras district is (4) 

in which C = 450 within 16 miles of the coast. 

=5 663 for 15 to 100 miles from the coast. 

= 675 for limited areas ‘near the hills. 


These fonnute are to be used as a guide in conjiinetion with caleula- 
tions for (sea para 18) from the known H.F.L. 

The fonnute must not be used mechanically, neglecting local inform- 
ation. Where local information is unreliable th^ formate give an 
approximate idea of the dieharge/ 

14, Waienvay Table — Where local information is not available, the 
waterway area, especialy for small bridges and culverts, may be 
approximately determined from the Dun Drainage Table (see Table 
VIII). 

This waterway table is based on reliable flood data in the United 
States, aiid is used extensively there with satisfactory results. ' 

From abservations of existing culverts and bridges in any district, 
the .particular percentage column of the Table applicable to that district 
may be ascertained. , 

As run off formate for American and Indian rivers increase at about 
the same rafce for an increase in catchment area, the waterway areas 
will also increase similarly. 

The percentage value indicate the relation of the waterway areas in 
the four columns, and have nothing to do with the ratio of run off 
precipitation. ^ . 

Use the 120 per cent, column in bare stone covered bills liable to 
heavy rain storms. - : ' : * ' ■ ; " ' ' ' ■ 
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Use the 100 per cent, eolumn in hills covered with vegetation* 

Use tlie 80 per cent, column for plains close to the hills, 

Use tlm 50 per cent, column for plains distant from hills. 

These are approximate percentage values, and they may require 
modification for special conditions, and from local experience with 
existing culverts and bridges. 

15. Movixig Bed is the depth of bed in motion 

during floods. 

The Bed of the Stream is the surface of the moving bed. 


The Solid Bed is the bottom of the Moving bed. 

Existing Scour is the greatest depth of the moving bed before 
obstruction by the bridge abutments and piers. 

Ultimate Scour is the greatest depth of moving bed after obstruc- 
iion.' . ■ . ■ ‘ 

Observed High Flood Level is the level of the highest recorded flood. 
Maximum High Flood Level is the level of the highest possible flood. 
See Plate IX. 

16. NoUition^ — The notation adopted in the formulae is as follows 
{All units feet and seconds.) 

dt Observed High Mood Level. M Ilammtm Migh^ 

{OHL If.) ^ Flood Level 

mtm IL K H) 


V==average velocity ... ’ 

A==area of waterway cross-section ... 


p=ss wetted perimeter of river bed 
forA 

A 

r hydraulic mean depth= ~ 

Gl— total discharge in cusees 
s = slope of water surface " 


n ws: co-efficient of rugosity of river 
' bed. 


Pi for Aj 

Qi — H 0{minimam) 

=s fall of water surface 
divided by the length 
in which it occurs. 
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:^. ’020 for earth io good order and' 
regimen free from stones and 
weeds 

s= *025 earth in fair order and regi- 
men free from stones and 

weeds ... 

. — *030 earth in bad order, occasion- 
ai stones and weeds 


i 

y Ivutter. 


5=3 *085 for rivers in bad order and 
regimen with stones and weeds, 

(Used for hill streams gene- 

rally) 

= *050 for torrential rivers in beds 
covered with detritus and 
boulders 

Jffi'UiV, 

B =s= clear unobstructed width of. waterway between piers and 
abutments 

A 2 = area of waterway cross-section -orer width Bat Maximum 

H. F. L. 

Ao 


d =: average depth of 
e = *80 for round nosed piers and *70 for triangular nosed piers^ 


"B-: 


Q 

q = dieharge in eusecs per foot of width 

H 3=3 total velocity head at obstruction before scour. 

h afflux or rise of water surface caused by the obstruction® 

^ 2 velocity at obstruction before scour (under the, 
arches or girders). 

Seoiir. 

m Scour eo-efficient for the material of which the bed is' ,eom«» 
posed, 

*68 for very fine silt (as in Sind 
canals) ... (Buckley), 

*84! for fine sand silt (as in Pan«")| 

. Jab canals) ... .•* | 

3= 1*00 for sandy loam . 
ssr 3*07 for coarse silt and coarse | 
sand 


(Kennedy). 
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==: i’£ fco rs for sand and small 

bajri .. .. j ealculafced from data ■ o£ 

= E*5 to 3“0 for bajri and g'ravel ... J** streams on N.W.Fron- v 
= 3*0 to 3'5 for gravel anci bonb ... ( tier of India 

ders ...J 

1) = maximum depib to scour holes and channels in the vicinity 
• ‘ below O, H. F L. before eonsturetion. 

■ ’ Di=maxiTnum depth to scour holes and channels (in thd 

Yieinity) Maximum H, F. L. after obstruction, 

]) := depth of foundations below Maximum H. F. L. 

V3 — velocity after obstruction and scour. 

I ; C ^clearance between O. H. F. L. and lowest part of bridge 

}. “ superstructure. 

I , ll.L.= reduce level referred to datum. 

17. I)dla requiretl from bridge siie , — Take 3 points (('?)^ (4), (c) on the 
river under consideration : — 

( , . ^ (a) at a distance above the bridge site equal to 6 times its width 

i . between banks. 

,( {b) at the bridge site* 

h ’ (6*) at a distance equal to (/2) below the bridge site. 

j If appreciable tributaries or waterfalls occur betu^eeu (/?) and (6*), 

tlie distance («-) to (/>) and to (c*) should be altered to avoid them, 
or the calculations modified to allow for thenn . ' 

At each of these points plot a cross-seetioii at right angles to the 
stream, showing with reference to one datum level 

: (i) the water level, ; . i 

‘ . (ii) the o])served iugh flood level by enquiry and inspection of the 

i' banks, . ^ : 

I (iii) the bed of the stream, 

I (iv) the maximum depth of scour channels in the vicinity imme- 

j diately after a Hood if possible or ascertained by a trial pits. i 

f Measure and record the distances between (a), (4) and (tf), and with 

I a siuweyor’s level a-scertain very accurately the fall of the wTiter surface ; 

; or O. H. F. L. between them on the same clay ■ 

Note the character of the bed and banks, and if the current is j 

straight or whuling.. Also (with a view to determining the oo-effloient | 

' of rugosity n), note the material composing the bed of the river, 

I size of boulders, gravel or sand, etc., and by one on. two trial pits as- 

I . ' certain if the. material iinclerneabh the bed is coarser or finer than at the 

f surface, - ! 

f. . In respect of each of th?’>se three cross-sections, ? 

‘ (i) Calculate and record the cross-sectional area of the waterway . > 

' ' AatO. ILP, ’ , ' r 

(ii) Measure and record the wetted perimeter P at O. H, F. [ 
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(iii) Caleiilata and record the bjdraulio mean depth below O* H. F. 



(iv) Measure and record the maxiuunn depth to scour holes. Do 

belowO. H. RL-, 

(v) Calculate and record the slope of the water surface? s ss 

fall 

distance 

18* Mean VeloeUy and Ducharge at oherved high Jlood —To find 
the mean velocity atO. H., F.? Manning'^s formula sliouW be used 


HY 




i” 



The values for^the co-efficient of rugosity o£ the river bed, n, are 
given in paragrapli 16. These are the values given in Eutter’s formula ; 
they are equally applicable to Manning's formula, which gives approxi- 
mately the same results as Kutter^s, and is easier to use. 

If the waterway includes several channels of greatly varying depths 
each channel should be calculated for separately. 

Tabulated f roots and square roots are given in Table X. 

The discharge at O, H. F. 

a A.v* ' .... ... ... (2) 

The values of V and Q should be ealeulated by equations (1) and (*2) 
and reerded, for the tliree sites. 

Assuming that an appreciable waterway or waterfall does not occur 
between sites {a) and (o], Q for the bridge site (^) should equal the mean 
value of Q for sites {a) and (c), and unless the value of Q for the bridge 
site (^) differs by more than 6 per cent, from the mean value for sites 
{a) and (e)^ the calculation should proceed utilizing the data for the 
bridge site. 

If the value of Q for the bridge site differs by more than 5 per cent 
from the mean value for sites (a) and (o), an error needing reetification 
in data or calculation is indicated, and they should be retaken. 

If the resultant value of Q for the bridge site then still differs by 
more than 5 par cent, from the average for sites (a) and (c), the mean 
value of ft for the tk^ee sites, must be adopted, and 

V taken 3 

A for bnuge site 

(the remaining data for the bridge site of eoitrse being ased in any 
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In a ease in which an appreciable tributary or waterfall occurs 
between sites {a) and (r), its discharge must be calculated, and allowed 
for in comparing Q for {d) and ((?). 

19. ' Telocity anil Bucharge at high Measure from 

the map the catchment area M in square miles discharging through the 
bi'igde. ■■■ ■ • ■ ■ 

Fide paragraph 13j the maximum discharge or run off 

Qj =r:l^£O0M* cusees where M is less than 9| sq. m. (Sa) 

or Qtj =: 25 ] 00 M^ eusecs where M is 9| sq. m. or over (3b) 

subject to a variation of 33 per cent, in special cases. 

To allow for an abnormal flood, the discharge at Maximum H. F., 
Q ^5 must be taken as a suitable multiple of G, approximately^Qj, 
calculated by the run off formula, subject to a miaimum value 

■ ■ ■ ■ .•, ■■■ ■ (4). 

In any ease, should not ordinarily exceed 2G. 

From equation (1) it may be proved that if the rise in water surface 
does not increase the wetted perimeter by more than 50 per cent, tba 
hydraulic mean depth at Maximum H. F. 


Y j =: ^ ^ approximate . . / 

... (6) 

The approximate rise in surface at 

Maximum H. F.=:rj'^"-r 

The wetted perimeter at Maximum H. F. 

... (6) 

approximate 

... (7) 

The waterway area at Maximum H. F. 

Ai = Pi K 1*1 sKp X approximate . 

From equation 1, the probable maximum velocity 

... (8) 

. a; v 


And as A I, is approxixaateiy proportional to r^. 



, ,..{91b) 


... (9c) 

The maximum discharge 

,..(10) 
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Tins value should be approxiiuaiely^tlie value assuaied for 0,^ 
aifcar ealeulating the probable luasimuni run off, the obseryations and 
ealciilatiojis thus being counter-ehecbed. As noted in paragraph IS, the 
nm off formulae must not be used rnecbanieallj, or loeal informatiofi 
neglected. In case of doubt higher rather thaii lower alternative values 
should be adopted. 

The K, L. of Maximum H. F. without aflluKsssll. L. of O. H. F. 
d-(r;-r). ' - 


20. Jffhur^^A suitable method of ‘ calculating the. afflux, or rise 
above calculated Maximum H. F. L, due to an obstruction, such as that 
caused by the bridge piers, etc., is given below 

Plot on the cro^s-seetion the }>ropoBed bridge spans and piers, and 
cnicniafcidrj from the cross-section ..the Area A ^ of the clear waterway 
between piers and abutments or Maximum H. F. 

The average depth 


tv!iere 'B=the total length o£ clear waterway between piers. 
The. average discharge per ft. width of clear opening 
C W H» 


tan 


'av+pB - . *“ ■" 

The ajfflux should be calcu] ited by the use of Merrimiin’s Foroaula 
(given in Mei'rInmiFs HytIrauJies). 

H5(H+Ud)= KraV - - - (‘3) 


wlienee the afiSux 

■ hr=:H^*0i6'5V,^ • ... ' ... • ■ ... (14) 

H is the total velocity head at obstruction hefore seoiir, and c is a 
constant depending on the shape of the piers (for values see paragraph 

16). l V'^ ^ ■ . , , ; _ . 

Equation (18) is solved, to find H, by trial and error, utilising tire 
table of powers given on Plate X. 

The efff^et of scour on the alBux is not allowed for in this formula 
heuee after seour t!.m affiax will be less 'than that calculated. 

’21. Vehmiy ami ohtrnetion before ^mm \ — In calculating the velocity 
through the bridge, 10 per cent, shotild be added to allow for the effect 
on the velocity of the contraction of the current past the piers and 
abutments. 

“A.'' 


Hence 


mm 
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Where A^—area o£ waterway eross-seotion OTer width B 
at Maximum H. P. L. (16) 

22. iaeeotiht of the obstruetion caused by the piers - and 

abiitmentSg and the iiiereased velocity dtie thereto, tlie depth of scour 
will be increased at the bridge. The increase in depth of scour will boar 
a relation to the increase in velocity. ‘ T ’ 

The following considerations of the efiect of velocity oo scour in beds 
of different materials' are of general interest. The results thereby 
obtained ai'e not directly used in the formulss for bridge calculations 
■ here given ; the results obtained by the latter are, howevars in conform- 
Ety with these principles, and the velocity^material data will be found 
to be of particular use in designing training bunds (see" Chapter VIII). 

2S. Velocity of water to move stones, Chailly’s formula, the velo- 
city of water V in ft. per sae^ which will move stones of diameter <1 ft. 
and specific gravity G, is. 

V^6-67^G7dr ... . ... ... , ... (1?) 

For practical purposes, assume G = 2*65 (value for sand and 
gravel). 

Then d=:s5 ... •«* (18) 

From this the following data result •— 

A velocity of ft. sec. ... 1/2 I 2 4 S 1 lO- 15 . 20 

Will move stones of dia- 


meter ... ... - WM/7=^ F 1^ 34^ V 

Critiml mkoity mid of Kennedy's formula the 


critical velocity which cause neither silting nor seoaring. 


Vq— 


... (19) 

Whence 



/V \i'Ss 


m 

and 





(21) 


D being the maximum depth, and m a co-efficient depending on the 
osimpisition of the bed, ' ' ' " ■ ■ ■•■ m ^ ^ 

If the velocity be greater or less than Vq, bed Will scour or stit up 
until a stable oondition is attained, as expressed by the above formula. 

By inserting in equation (20) the observed or calculated vahie of V, 
and the corresponding value of D from water level to the bottom of 
the deepest scour hole or channel, during flood odiidifcions, the value of 
m can be calculated in any individual case* 
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The Talaes of m so obtained will vary slightly , for the same material, 
according to local currents and conditions, which may cause a eompara- 
tively large or small scour ; such variations are useful. 

The usual values for m are given in paragraph 16, The values for 
sand and hajri, bajri and gravel, and gravel and boulders have been 
calculated from observation of twelve typical streams on the Indian 
N, W. Frontieivby equation (21), - ,, 

24, First empine method of eale^dating it be assumed that 

the bed will scour uniformly, the discharge at the deepest part of the bed 
after scour will be same as before scour.,, Th© . resulting, eqiiatioxi 
will give the minimum seoiii^ which is the most favourable epudition. 

If Vg, be the velocity after scour , 

BV.-D, V3 

and from equation (19),. Vg^^m 

Hence the minimum depth of scour below waiter level (neglecting the 
afflux). 


. V - . ^ 

Or, substituting for (aquation 21) and thus canceling out m 



Second empiric method of mlculaiing there be no limit to 

the discharge at the deepest part of the bed, -and the* discharge increase 
with the scour so as to maintain the velocity fmm -equation (80) the 
maximum depth of scour below. water level (neglecting the afflux) 



The first method is suitable for channels of uniform . cross-section' 
such as canals, in which the velocity is unifortn over the cross-section, 
and in which any increase in velocity would normally ^ause m iiniform 

The second method is suitable far rivers and streams w|iere the 
section is not uniform and where there, are main currents which scour 
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For the small increase in ^elccifcy di26 to a bridge tlm second method 
is the more aceiarate, hub for large increases in velocity the secour is more 
ooiformly distributed over the section and the conditions approach 
those suitable to the first method.' 

Pfactieal methods of ^(dmlating -The practical method, given 

below^ which is a eomproraise between the above two methods, is:*, . 
suitable for general me in bridge calenktions and gives results in 
agreement with collated actual scour rei^ords* 

The equations are suitable for values of not exceeding % V 
The maximum probable depth of seour below Maximum H. P. 
{■•neglecting the aflSux*) 

(i) For average, sites^ waterway slightly contracted, currant 
■straight.' ' . 


I'S D V, 


.or 


r V, 


^ 1 ' ' ^ 

(ii) For bad sites, waterway contracted^ diagonal currents. 


D. 


F5 D V, 


or 


£^■9 V. 


P6a) 




Y ~ , V 

The larger vake for D^. to be adopted in each ease. 

.25. Bep'lk of Fom(htiou$*->^To Mov? Sox hc^l scour and to provide 
m factor of safety, the foundations should be taken to a depth below 
Maximum | greater than the calculated depths of maximum 

.'^our below Maximum H. F* L, 

Thus the depth of foundations below Maximum H, F. L. 

The depth below average bed level. 

The foundations should be taken down to the depths so ealeulated 
unless rock or inerodible material is met at a lesser depth. In estimat- 
ing, the calculated depth as above should be allowed for. 

As a general principle, the depth of the foundations must be such 
that they go well down into inerodible material, which is reached {fail- 
ing, rock being met) when, the boulders met with are of a si 2 .e definitely 
larger than that usually met in the bed of the sfci^am and the depths 
arrived at by theory must be applied, accordingly in practiee. 

26. ApprmimaU rules fm* deaths foundutimis.'-^AM the depths to 
isCour before and after obstruction are proportional to the velocities 
after and before obstruction (see eciuations), the depths to scour and Jo. 
foundation can be roughly approximated as follows, where there are, no 
data except the values of D and r at 0. H. F* 

KM c , 
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Prom equation (9) 

VgzrV^^^^Xl-Sl for 

piers Mict coBtraction and foir 

Inserting tliis in ©qnatioBS and (Sob), the following appro^i® 
mate rules result ? — 

(i) For average sites, waterway not contracted, current straigi»t 
Depth to scour below aTerago bed level =:1‘0 D or 
D6 r 

Depth to foondatioiis below average bed level = 

I’b'D or ^^*5 r 

(ii) For bad sites, waterway contracted, diagonal currents 
Depth to scour below average bed levels I "4 D or 

2*7 r ... W 

Depth to foundations below average bed level === 

2-1 DoF4-0r ... ’ ... ... ”• 

The larger of the two values to be used in all eases. 

These rules give results within about 5 per cent, of the ealealated 
results, in normal cases. 

See Example I, Chapter VII. 

^7. Clearame~Th0 clearance between the superstructure and O. IL 
F. I/, should be sufficient to pass exceptional floods and to allow for 
some oi the waterway silting up. 
i.- The clearance required above O. H, F. L. 




( 21 ) 


To allow for abnormal floods, etc., the mininmm values for C5 
should as a nile be not less than the following ;~ 


0 to 12 a 
12:io 18 ft 
18 ft or ow 


-m 


Subjeefc to the above mlnimuia values for C, the height of the piers 
a«d the level of the snperstruetm '0 are of coarse decided by the govern* 
ing levels of the road alignment on the btolss, and in the ease of a 
navigable stream additional headway must be given for traffic. 
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Calcclatioe's fob load oiT Brib&bs and Culverts on Mechanical 
Tbansforts and Cart Eoads, 

28. Loads^'^'^h^ live loads for design should be based on the maxi- 
mum probable loading in relation to the spai^ and not on the maximum 
possible. For exceptional eases it is permissible to increase the stresses 
by 25 per cent, or 80 per cent. As the span increases the probability 
of heavy loading over the whole span decreases. 

29. Impacts — Impact varies with the span, and with the speed of 
traffic and the method of propulsion and is expressed approximately by 
the following forrniilaj in which x=:l for steam railroads, | for electric 
cars, Jfor motor lorries, etc., and J for road rollers, crowds and cattle* 

n —number of railway tracks, or 

width of imd in ft, « , 

..... . .lor road^.- . . 


Jj= loaded length in feet. 
Impact load— live load X* 


300 X 


nL+300 

At speeds less than 6 to 10 miles per hour there is practically no impact 
hence when dealing with exceptional loads due to crowded vehicles 
people, or animals, no impact need be allowed. 

For simplicity, all the loads here given for design include an impact 
allowanelj, 'and no further allowance need be made, 

80, Load U he allotted for in floor -The decking or flooring 

system should be designed to allow for one 12 ton road roller plus 26 
per cent, impact, with the following dimensions and weights 
Wheel base (distance between centres 
of axles) u. 10 ft, 

Gauge (distance between rear wheels) 6 ft. 

Width of tyres. ... > • ... 1,32 ft. 

Load (including 25 per cent, impact.) . , 

on front axle ' ,,, 6*87 tons= 15,400 lbs.. 

Load (including 25 per cent impact) 
on rear axle ' ' 10 tons 2=^22,400 lbs, 

Dktribntwn of Conceniratecl Loads — ^The following rules for the 
distribution of concentrated loads ^ in calculating stresses in slabs, 
stringers and floor beams are based on tests made in the United States 
(see ^‘Design of Highway Bridges by Ketehum) 

These rules may be applied to the design of bridge floors composed 
of reinforced concrete slabs, Jack arches^ or steel troughing or similar- 
construction, . . j * 
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e=raffeetive width of slab in feet (at right angles to its span) 
which resists the stresses due to the eoncentrated load. (Extra 
transverse reinforcement is not necessary to ensure this distri- 
bution.) 

e must not exceed of the span of the slab. 

Jj = span of slab in ft. centre to centre of bearings. 

c=s width of tyre==:l*S2' for a ton Roller, 

Eor caterpillars c=: width of track for longitudinal slabs, and length 
plus width of track for cross slabs. 

Loads on longitudinal slabs {i.e, in the direction of the length of 
the road) are taken as coneeubrated, caterpillar load as described 
along the track, and on cross slabs (L^., across the road) both are taken 
as distributed over the width of the tyre or track in the direction of the 
slab span, in all cases. ; 

M - 

The' moment per ft, width of alab=s= — ^ 

For formulae for calculating bending moment M, see Plate XI. 

Lotigitudinai Slabs — See Plate XI and Table XII. 

For bending moment e | L+o, with a maximum for e of 5 ft. 
(gauge) for half the rear axle and half the front axle loads ; for the 
whole road roller maximum e=10 ft. 

For shear, for half axle loads e=5 ft, i for whole axle loads 
10 ft. 

Cross Plate XI and Table XIII. 

For bending' moment e=|(L4'C), with a maximum for e of 10 ft. 
(wdieel base) for one axle load. ” 

For shear e is the same as for moment, with a minimum of 5 ft,, 
and a maximum of 10 ft, (wheel base) for one axle load. 

LongitiiiUnal bean or See Plate XI and Table XII. 

The axle loads are distributed on a line 10 ft. long (^X gauge) along 
the axle. 

Hence for stringer spacing up to 10 ft. tlie bending moment on 
one stringer. 

^(Bending moment from Rallar)x (Spacing of stringers in ft.) 

10 ft., 

Outside stringers should be designed for the same moments as inter* 
mediate stringers. 

Floor Secwis^See Plate XI and Table XIII, _ , • . 

Axle loads are distributed on a line ,10 ft. long (SX gauge) along the 
axle, and 5 ft. long at right angles to the axle, 
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Hence for floor beams at 5 ft. apart or less, tlxe distributed load per 
foot of span 

_(Maximum axle load) ^ (Spacing of floor beams in ft,) 

^.10 ft. y- '' 5 ft.. : ; v z' 

and for floor beams more than 5 ft. apart the distributed load per ,foot 
Maximum reaction on floor beam 


of span 


iO ft. 


Timber J^Ioors. 


TMrcKNBSs f r ]D‘0 b 12.TrN 

BOAU BOIiLUR. 


Spacing* of stringer or groups of stringers. 


15^ 

'W\ 

21" 

2r' 

2r 

30^' 

33^' 

36' 

Thlolmess for 12"' Planks . , , , 


w 


sr 

H" 

4", 

w 

w- 

:4r, 

Thickness for 8^' Planks , . . , j 

w 

3'^ 

sr 

w 

4r 

5" 

isr 

51" 

L— - 


Strmgers for Timber Mooring . — Axle loads are distributed on a line 
8 ft. long (1*6 X gauge) along the axle. 

Hence the bending moment on one stringer 
_^(Bending moment from Roller) X (Spacing of stringers 5n ft.) 

If the stringers are in groups, the spacing is the distance centre to 
centre of each group, and the above is the moment on each group, 

Girders^ IVmm^ mi -Coneentrated loads, are fairly well 

distributed in girders and trusses, and in arch ribs or rings by the rigidity 
of the floor system in the case of open spandrel arches, or by the earth 
filling in the case of filled spandrel arches. Hence an equivalent uniform 
load of w lbs, per square foot of road surface may be used without 
appreciable error, to simplify design. 

Up to 60 ft. span w = x 8 lbs. square feet. 

Over 50* ft. span w gradually decreases to 70 Ibs./sq. ft. 

The following uniform loads*per square foot of road surface should 
be allowed for in the design of Girders, Trusses, and Arch Rings or Ribs 
(These loads include impact allowance.) 


span. 

Girders 
!•' -and 
, Trasses. • 

' Arch 
Bings or 
Bibs. 

Span, 

Girders 

and 

Trusses 

j 

ArCth 
Binge or' 
Bibs. 

. 

Span, 

-Girders 

and 

Trasses. 

L VArch 

Bings 
or Bibs. 

it.;' 

V:, 

lbs./sq,£t. 

' 

ibs./sq.ft. 

£i 

ibsfsq.fi. 

Ibs./sqit 1 

fi 

Ibs;/sqit, 

lbs./sq*ft. 

10 

450 

450 ' 

45 

140 

190 

1 

120 

95 

130 

IS . 

300 

420 

SO 

180 

180 1 

1 

140 

90 

125 
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Spana 

Girders 

and 

Trusses, 

Arcli 
Eiuffs or 
Bibs. 

Spaiiv 

Girders 

and 

Trusses, 

Arch 
EIng’s, or 
Bibs, 

Span, 

Girders 

and 

Trusses. 

Arch 
Bings, 
or E-ibs. 

'/:it . 1 

Ibs./sq ft. 

Ibs./sqit, 

1. ' ■ . 

ft. 

lbs /sq.ft. 

ibs./sq.ft, j 

ft. . i 

ibs./sq.ft. 

Ibs/sqit* 

v/;20;V';i 

240 

840 


120 

170 

■160 


, 120 

■ - ' J 

;,.25. 

210 

300 


115 

160' 

• 180 

,80,. ; 

,'-\110; : 

30 

1= ;; 190 ,, . ' 

270 

80 

110 -j 

155 

200 

75 

105 

35 

170 

240 

90 

105 

14S ^ 

over 

200 

1 ■ 70- 

^.IGO 

40 

150 

210 

100 

f. 

100 

140 

... 

, 



For intermediate spans loads should be proportionately interpolatetL 
The loads gi^en for arches are about 40 per cent greater than for Ti nssea 
as partial loading gives the maximum .stresses. 


82* JExplariaiion Plate XI gives the loading for a 12-t6n 

road roller^ as deseribed above, and the methods of calculating maxi- 
mum moments and reactions. 

Tables XII, XIII and XIV give tabulated results, for practical use, 
of the moments in longitudinal and cross slabs, stringers, and longi- 
tudinal girders, and of the reactions on piers and floor beams, together 
with particulars of corresponding calculated thicknesses of reinforced 
conei^te slab decking, and dimensions and spacing of reinforcement 
barsv 

- ' TahhXIL - 

Column 2 is calculated according to the formulae on Plate XI, 

Columns 8 and 4 are obvious, column % divided by % and 10 
respectively* 

Columns 6 and 6 are the section modulus Z:=:I/y per foot of width 
between centres of stringers swfBeieut to take the roller and the dead 
load. 

For stringers, longitudinal rolled steel joists at 8 ft, centres mul- 
tiply by 8j at 4 ft, centres multiply by 4 

Column 7 gives effective width of slab to carry a concentrated load. 

Column 8 is eohimn B divided by column 7* 

Columns 9 to 12 are the total thickness of slab necessary to take 
the r'oller and the dead load. 
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18^ span centre to centre of bearings, rolled steel joists 3 ft. apart, 

Wearing surface 70 Ibs./sq. ft, 

Z required ss=l 1*61 x 8=:Sl.-83. 

5^' @ 32 lbs. rolled steel joists, for which Z = 36*66, will do. 

Table XT I L 

Colnnin 2“ is ealeulated according to the formate on Plate XI » 

Column 8— effective "width of slab* to carry a concentrated load is 
2/3 (span width of tyre 1*32^), maximum 10 ft. 

Colunm 10 is the maximum reaction for live load for various span, 
ealeulated according to the formulae on Plate XI. 

Column 12 is the live load per foot of floor beam (transverse* or cross 
girder at right angles to centre line of road) span for various spacings of 
floor beams. 

' ' Tails X/K ' . 

clear span between piers metalled, span centre to 
centre of bearings about 18 feet. Prom Table XII, column II, a 12|'^ 
slab is required, and from Table XIV for this thickness use bars at 
centres placed 14 " above the underside of the slab. 

If there- were a series of coatinuous spans, the end spMs would be 
,Lalf continuous and the average of columns 11 and 12, Tabl6 XII, is 
Ilf'' say a Ilf" slab. Prom Table XIV use |" bars at 64" centres*^ for 
Ilf" thickness. r, 

Plate XXXV gives the position of the bends in the liars. 

83. W^nd Loads for Trtmes.'-^Wind loads on trusses should be 
taken as follows: — 

(*) A horizontal load on the loaded chord o£ 300 lbs. per lineal foot. 

(«) A horizontal load on the unloaded chord of 150 lbs. per lineal 
foot. , 

Both should be treated as moving loads, and no impact shiJald be 
added'. ' ■ • ■ 

34. Cnpaciiy of bridges so desig^d , — Bloor systems, girders, trusses 
and arches designed for these concentrated and uniform loads will safely 
carry the traffic detailed below. ■ . 

These particulars are based upon tables given in the “Memorandum ; 
on Road Bridges” published by the War Office in 1918. Reference 
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should be made to these or similar later official tables in regard to other 
vehicles not mentioned hereunder, and the list should be kept up to 
^date. . 

NommL 

Two 13-ton road rollers abreast, or in file at 80^ ft* clear inteiTals# 
15-ton caterpillar tractors at 80 ft, clear intervals, 

A double line of 3-ton motor lorries at a cheek. (8 tons loaded). 

All marching formations of cavalryj field artillery, infantry, camel, 
mule, and army transport, passing similar formations on the bridge. 

All crowds of pedestrians and cattle, pack animals, and carts. 

Any train of loads in which no axle load exceed 8 tons nor cater- 
pillar axle load 13-tons, and in which the load per sq. ft. 

_ total load in lbs, x 1*35 for impact 
10"' X (length of train 4* 10') 

does not exceed that given in the table for a span equal to the length of 
the train 4 10'. 

Mmergency^ 

Bridges designed as above will also take the following loads at safe 
stresses with restrictions, i, e,, speed 4 miles per hour, load on centre of 
road, and no other load alongside:— 

15- ton Whippet Tanks at £5 ft. clear intervals. 

16- ton Wheel Tractors at 35 ft, clear intervals. 

8'' Howitasar hauled by ll4on caterpillar, subject to the floor 
stress being increased by 5 per cent, 

6" B. L. Gun, Mark VII, hauled by 164on Tractor, subject to 
the floor stress being increased by 35 per cent, 

13" Howitzer hauled in two trains by 14-ton eaterpillers trains 
' at 60' clear interval. 

9-3" Howitzer hauled by 11-to^ caterpillar. 

6" Gun Mark XiX hauled by 11-ton caterpillar. 

Any train of loads in which no axle load exceeds 13-ton nor cater- 
pillar axle load 18-tons, and in which the load per square foot, 

total load in lbs. 

’fgr-sr — — pr — 

width of road x (length of train + 10')- 

does not exceed that giren in the table for a span equal to the length 
of the train +10'. 

-These bridges will mt take 80-ton Tanks* 
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CiLOULATIONS FOE LOAB ON BrUCOFS AND CtTLVEETS ON PACE TRxINS- 

POET Roads, 

85. Bn’clgss and culverts on pack transport roads should be calculat- 
ed to take equestrians, pedestrians, and pack animals (or cavalry, 
infantry, and transport mules and camels), crowded. 

36. Loath to he allowed /5?r.“The maximum concentrated load from 
cavalry in marching order is about 850 lbs. on the fore feet, which on a 
3 ft. width X 4 ft, bet^veen fore, and bind legs gives an equivalent uniform 
distribution load for bending moment of 140 lbs, /sq, ft. Transport 
Mules and Camels give smaller concentrated loads. Infantry in four 
at a check give a load of about 100 lbs,/sq- ft, on an 8 ft. width. 

As it would be wasteful to design throghout for 140 lbs, per square 
foot, which would not be ill accordance with probabilities, the load 
should be reduced to 60 lbs. per sq, ft. for 100 ft. spans and over. 

Also as the above maximum loads are only possible when the traffic 
is crowed and stationary, no allowance need be made for impact. 

For the design of all floors, beams, girders, and trusses the follwing. 
live loads should be taken ; — 

Spaa in feet ... 1 5 10 15 20 2S 35 40 45 50 60 SO 100 

and 

over 

Load in ibs. sq. ft. ... 150 140 130 120 110 100 90 80 75 70 65 60 55 50 , , 

For intermediate spans proportionate loads should be interpolated 
87» Jixample^^li in a bridge the spans of the various parts were 
as follows ; — 

Floor slabs 5 ft. span, Stringers or floorbeams 10^ span, and Span 
of girders or trusses 60 ft. 

these members would be designed respectively for 140, ISO, and 60 lbs. 
respectively, per square foot of the roadway area carried by them. 
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CHAPTER VL 

•Bridges and culverts — -types and cosistrnctioeal details^ 

Intrcdiiclory — Type Designs and Proportions for Colverls, Arches^ 
AbutmentS5..and Piers~Norm;aI Ty^ of Flat Bridge', Spaas tip 
. . to-' SO— Trestle Pile Bridges and Overflow Bridges’^PIate Girder 
. aadTrikss Bridges---Remforced : Conereta Arch Bridges, -- Rein- 
forced Coaorete Bowstring Bridges-- Suspension Bxidges—Light 
Bridges on Pack Transport , Roads—Boat ..Bridges— Bridge 
Defences— Miscellaneous Bridge Details and Specif icatipm — 

: Open Bridge Foondations— Well Fpnndations and Well Sinking 
--^Piles and Pile Driving* 

Inteodtotort, 

L T^pe Type designs, ajffiording all information necessary 

for the preparation of working drawings, are given in the appended 
plates. These designs must be thoroughly studied ,to ensure that every 
point and detail is attended to. 

Rough comparative estimates of cost to ascertain which type is the 
best, having regard to economy combined with practical considerations, 
can, in most cases, be made direct frcite these designs. 

Details are given as a rule for 18^ 15', and 10' roadways. 

Type Desighs Am PitopoETxoHS von Culvurss, Arches, , 
Abxjtmehts, akb Piers. 

2. General principles of Calvert design , — General constructional 
details for culverts (distance between abutments not exceeding 12 feet) 

■ jarb; shb wn,"bri;.Plate 

The principles of the use of culverts are given in the General Speci- 
fications (Chapter II). 

Culverts are spans in which the distance between faces of abutments 
does not exceed 12 feet. 

For economy culverts should ordinarily never consist of more than 
one span* It is never cheaper to make 2 spans of a culvert except in 
the case of pipe culverts. 

The gadient of culverts should be as great as possible. 

Wells at the inlet and outlet may be necessary in hill sections. 
Culverts may be of the following types ‘.—Corrugated iron, east iron, 
concrete, or reinforced eenerete ^ipas, or arched, stone slab, or, reinforced 
concrete slab, , 
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Pipe or slab calYerts will usually be the cheapest for spans under 
6 feefc. In pipe culverts, which should extend across tine formation 
width, a straight faced wall can generally be given instead of wings 
and sometimes wings may be omitted in any case. 

Culvert opening should be low and wide ; this shape reduces the 
scour and also the cost of the end wing walls, and prevents undesirable 
humps in the road, which must be avoided. 

Generally it is cheaper to pave the floor in inverted arch form than 
to take the foundations below scour. 

End cut off walls should be provided, and where a culvert is located 
in an erodible bank certain walls may also be necessary to prevent the 
water outflanking the culvert. 

^ FroportionB of Arch Bridges and Cnlveris — Proportions of arch 
bridges and eulvert'spans are given in Plate XVI 

These are suitable for spans from 6, feet upwards. The arrangement 
of abutments and wing walls is given in Plate XYIl. 

The proportion^ of wing walls are explained in Chapter IV (Betain 
ing Walls) and shown in Plate VI, 

The economic spaa for a series of arched spans H., where 
the distance between the foundations and the crown of the arch. (Sea 
Chapter Y.) 

The shape of the piers in arch bridges and culverts should conform 
to the shapes shown in plate XVIII, subject to the thickness neaessary 
for arches shown in plate XVI. . 

The equations given for finding the proportions of arches and their 
abutments are Trautwine’s rules (see Trautwine^s Civil Engineer's Pocket 
Book) for spans of i feet to 150 feet. 

These arches are safe for all military loads. The abutments can 
safely carry the arch ring before being backfilled, but it is preferable to 
backfill iipto the springing before striking the centres. 

The Table on Plate XVI gives the main dimensions for ^ ft to 
50 ft, spans, including the approximate load on the foundations per foot 
width of arch ring, for a road service 1 ft, 6 in. above the crown of the 
arch and for Height « Span. If the fill is more, the excess should, be 
added to the table values. If the height is less than the span the 
excess weight of the masomy should be deducted (see example 8, 
Chapter YIL) 

Abutment type piers should be given at every 5th pier and arranged 
symmetrically about the centre of the bridge. They should have a 
width at the springing of E (see Abutment Formula, Plate XVI), and be 
battered on bothsides at 1 in a» ^ 
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The thickness of a masonry spandrel wall at its baso should be equal 
to half its depth below the road surface. 

It is essential that the foundations of arch bridges shall be indubit- 
ably rigid and sound (see also para 23.) 

For the special economic rules for arch spansj see Chapter V, paras. 7, 
and '8. ' 

An example "of a masonry arch bridge is giYen in chapter VII^^ 
Example 8.) 

Kainforceil conerete Arch Bridffes — The theory and design of rein* 
forced concrete arch bridges are fully dealt with in paras 22 to 37, 
the method described wherein is also applicable with suitable modifica- 
tions, to masonry and unreinforeed concrete arches. 

4, Proportions of AhtimmU for fiat deck hedges and cnlverU^^Vvo^ 
])ortions of abutments (except for arch spans) are shown in Plate 
XVII 

Proportions of wing walls are shown in Plate VI. 

The dimensions of the base and toe are given as a proportion of the 
height. At ground level the toe should be projected and the heel 
continued vertically as shown. This increases the stability of the 
abutment and reduces the pressure on the foundation at the toe* The 
lieel should not be projected as this increases the toe pressures. On 
bad foundation material the toe should be projected further and the toe 
pressures worked out as in the example in Chapter IV. The heel should 
never be projected as this increases the toe pressures* 

In types I and II (see Plate XVII) the spaces between beams are 
filled with masonry to hold the filling behind the abutment } in types 
III and IV a small wall on the top of the truss seat is provided for this 
purpose. 

5. Arrangement of Abutments md }Fing Walls for all 

arrangement of abutments and wing walls for all types of spans is 
shown in Plate XVII. . ' "" , 

In bridges and culverts subject to floods 45*^ wing walls should be 
used*. Returned wing walls may be used where the bank is above 
flood water level, but it is cheaper to stop the wall at the top of the 
bank and allow the fill to spill around the abutment. 

6’ Dvimniigs of ahdment mid ioing waUs.’^ln the design of abut- 
ments and wing walls, the general layout of which is given on Plate 
XVII, the fallowing points must be attended to. 

Having schemed out the actions of the abutment and the wing 
walls, the abutment and wing walls must be designed so that they will 
fit simply together. For this purpose it is best to take a clean dividing 



iM 


, IBBIDOBS Am CUI/VEBTS--TYPESj ETC. BB 

^!i.ipt^e. parallel tp.tli^ centre line of tbe roadway, at a disfcanee from it of 
half .thp . ojeraU width the bridge,, or, half jfehe overall oute^ 
the masonry parapets, depeoding^qn the ftir!? 

doubt ./both ah’angement&. should -be-jdr^l'Wn out,, to, xy.hieh iisi better. 
ITbe rwing. yvoill face batter- i(as.. prqjee ted = on . the 
should then be drawn on the abutment -section,. ^nahing,rthi^^bii|fce^r;^^^^^^ 
4nt0‘i*s8Ct tlii^'abdtmeBij fcree near tliB' ground level, or^at the face .of the 
'ballast "wail’ and bridge -^eaV' whichever?- is^^more HuitaWe." Eelowrfehp 
•gr6iind4e¥>^l'the‘faee’s 0f bqtlr' abutment and' /wing^ wall* mhst.'CLoineidh 
and the' sections'’musfc''be:''modlfi^ aeooldingtyr' ^OPIns’defcWmTnes'tlfe 
faces of ’bo't’li' abutments and wing? wali^jdinfl thi0'^plaitoi''^sitould'T^b0!^drawn 
out accordingly, ^ .i'or* f..'' • 

" ’ ‘The general scheme as shown as a. 

guide, j It is not possible to give every individual case^ which may. occut 
ip practice, but the above rules are correct for all cases,' '* . 
i A scale of i"^=l foot should be usecl for truss Wklge abutm^^ 

-I - ? ’pi;.” ir V. .,r; v-K’^vr-r, " : r^uf^jcr'/r ^ ' ,-r. o r-* -..t? 

as drawings on larger scales are of. unworkable size. , ^ 

jj?.. . ^^/«?;fy7r;!-.prapoifio,^^^^ loT and/pCuIVei% 

spans; are. shpwn in P^ate 

lieigbt of ther, piers- ,.!|^lu‘e^ typp^j^re fhaw^^^^ {^^.^ryu'r-' ■ •‘■--Al 

' ’ .T.ype I- :7*-Eor .slab, ^rqUad . steel Joist, jCpn^tre^® 

beam spans, up to 40 or 50 feet. ; . * , , . \ 

Types It and III :~For truss spans, ana for all spatis over 40 
... 50Jeet. r . • ? , vi.ir. 

Ali' three typB^lia% the igame's^teiility.'. 7-' - 

it, > tl{5cfeaess^’'*tniist’7nbt 'd‘ie^deks^"th^^ ‘’the‘'’’vaiHfe 

indicated, which -is a minimum^ In high batte'red%mfsdt‘M^f*^ 
upon the mn^imum .pro^5ort.ions given m the diagrams roi; the^ tbicknesa 
aboife the foundations T, , . ' ‘ ^ 

The cut waters Bhown give the minimum resist^ajiee tp the stream 
.c.qmjldned^.yri^fh .epqnoixi^"^qE.. ma^t|^riaj},;ancl’ ,^^^.ip^plicity eodstr-uetion. 

^The cut water shape; must, be carried 
0^5° i,Rofef.(PI«cU. 

■excessive scour along the sides and beyond, the tail of the piei'.j ...{., 

,Thpialtei(^tivje.d^iga.l-rT4 sp^ns of 

troagbiiiig,.9ji;|0£;^'nfpj-e^4.'<®P?l’:®t’'?*®?^l’®»;S(\lf’PS ^ S{iv,ing 

in the pier masonry. rn -!•■! 

, .!|!k.8|pier? of, ^flep^fsHt a 9 ,n 9 re,te.oj:.{!$e!i?en^t,,i»a 8 onEj be,,pf'le^. thick- 

ness, .^hey m,ay^ ,bi^ more eeon.o,imca.l ,.,thaf^ lime .masonry, pipr^ wherp 
.niaterials, and, labour are. Oxpensive..,|r*Iij. £|U except s.m,all hfidges,,|^ 
including particularly,, bridges ..aoros^'perennijal sl;ream^,,the speei.fieatit^ . 
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for piers and abufcmenfcs should ordinarily be a cement concrete 
core with stone (or brick) masoiuy iu cement skin up to Nala bed level 

and brick or stone masonry in cement above. 

For spans uzider 60 ft- rainforeed concrete piers may be used, of § 

the thickness of concrete piers and reinforced with -26 per cent, of 

vertical steel in each vertical face. * * 

Fier and AbutmeM Superstnictnre top thickness of 

piers and abutments depends finally on /the size of the superstructure 
bearings. In the case of truss bridges, the minimum thickness given on 
Plate XVIII will be exceeded in certain cases, according to the size of 
the bearings of the trasses to be used, to suit which' the piers and abut- 
ments must be designed. ; ^ ^ 

Truss bearings .should be compactly designed to take the appro- 
priate Working stresses in the truss members concerned, consistently 

with distributing the load over a sufBoieiit aim on the piers and abut- 
. ments, and with minimiising the resultant width of the piers as much 
as possible, in order to save expense in masonry and foundations, and 

to avoid unnecessary waterway restriction. 

"Vyiien' old railway bridge girders, which may have extravagantly 

large l)earings are used (as is frequently the practice on Indian N. W. 
Frontier bridges), the above mentioned desiderata are' not always 
complied with, and unduly wide piers result. In such instances ' tlie 
girder bearings should be remodelled 'and reduced whenever economi- 
cally possible. - 

In efficiently designed road bridge truss bearings ^ the bed plates 

should be approximately square in plan,- with Ibhe Shorter dimension in 

the direction of the span. ' . ^ 

The clearance between trusses should be about 84 inches pfer 100 

feet length of span, with a minimum of ^dnclie^ for 80-feet 'spans. 
The distance from the edge of the bearing to the size of the piCr or 
abutment should be about S inches for 100-feet spans. 

The coping or seating on abutments and pijers must be of first class 

work in h%:4i cement concrete. In spans over 150 feet in length the 
coping may require reinforcement. The top projecting edge should be 
chamfered, 

7. AllotoamefoT mperstruciure eivpaumu.^C^VB must be taken that 
the superstrueture can expand* and contract without injuring the spans, 
abutments, piers, parapets, kerbs, or handrails. 

In all slab, beam, and truss spans provision must |)e allowed for an 
expansion of 1 inch per lOO-feet of span* Expansion Joints in bridge 
decking dr floors are shown on Plate XXII ; they are shown for the 
different types of bridge spans on the plates concerned. 
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Care mast always be taken that tlie bearing and seating surfaces 
are smooth^ to prevezit binding or interlocking. Tar paper or felt expan- 
sion sheets are sometimes used in addition between the span bearings 
and the abutment or pier seatings to ensure tbat binding does not oeeur* 

Normal types ob* flat bridg-e spasts up to 50^ 

10. Moiled steel joid span with remforeeti coiwrete ^o<??%~CoDstrae- 
tional details , for rolled steel Joist spans with reinforced concrete 
flooring are shown on Plate XIX, 

This type is suitable for IS ft. to 60 ft. spans, ^ 

The arrangement of Joists . shown allows of simple reinforcement 
details for the floor slabs. The use of fewer joists at larger intervals 
affords but little saving in their weight and consequent cost, and necessi- 
tates the slabbing being reinforced for cojitinuity. 

Details for abutments^ piers^ and wing walls^ are given in Plates 
VI, XVII and XVIII, ' 

An example of this type is given in Chapter VII (Example 6). 

11. Steel troiigUiip spmi.—ConshmttiQiid. details for steel troughing 
spaps are shown on Plate XXI, 

-This type is suitable for 2 ft, to 22 ft. spans. 

The economic span for a series of spanss=l| ft* (see Chapter V — 
Economic Spans). '' ' ''■ / 

The properties of 'steel trougliing are given in Table XX. Steel 
troughing is a simple but expensive bridging materiai. Reinforced 
concrete decking is much cheaper, and should be used in preference 
when possible, 

The weight of troughing varies chiefly aeeording to the thickness 
of the plate and very iitttle with respect to its depth. But as the 
strength varies directly as the deptAi, the most economical sections are 
those of the’ greatest depth for a given plate thickness, e,g,^ 
and 16"X f/ and For general use and 10'^ or r 

sections are the most suitable, and will take spans of 2 to 25, feet. The 
minimum suitable sections are, of course, shown in the design, 

Troughing spans longer than 22 ft. may be built of longitudinal 
troughing filled with cement concrete reinforced by bars in the 

bottom of the troughing. The strength would be the strength of the 
troughing that of the reinforced concrete slab. 

An example of this ..type is given in Chapter VI (Example S). 

12. Rolled steel joist span with troughing floor , — Constructional details 
for rolled steel Joists spans with trough flooring are shown on Hate XXI. 
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This type is suitable foi* IB ft. to 26 ft. spans* It is inteml^c! for 
use when only small troughing sections are . available but is uneeonomi- 
eal, and either of the two preceding types should be used, in preference, 

IS. Rolled Bieel Joist Spltaes , — Each E. S, Joist should be ordered 
to the full length in one piece for each span. Joists are usually stocked 
up 'to 40 ft. iengths* " , - 

Splices should be, avoided if possible but one per span may be 
allowed in each E. S. Joist if thoroughly well made and.riYeted. 

Where splices have to be used, each span length, of joist should 
consist of the maximum length proeurablej pins a short length to 
complete the span-. ■ ' ■ 

In the case of a series of spans, joists of the maximum length can 
be spliced together, and run. contiiiiiously over the piers, up to 100 ft. 
total length. 

In all cases splices in adjoining joists must be staggered at a 
distance apart=^not less than one t[uarter of the span. 

The splice will decrease the section modulus of each joist by about 
10 per cent but this need not be allowed for, as a splice should never 
occur at the centre of the span. 

Splices must be made to give one inch of camber, and the ends of 
the joists must bo cut and butted truly accordingly. 

The arrangement of a splice is shown on Plate XIX. 

An example of a E.S. Joist splice is given in Chapter VII(Example 7). 

14, lieinforced concrete slab spmiu — Constructional details for rein-* 
forced concrete slab spans are shown on Plate XXII. 

This type is suitable for 2 ft. to 15'ft. spans. 

The economic span for a series of spanss=:l|- H (se^ Chapter V). 

Eor small culverts, spans can be made of premoulded slabs, of a 
suitable size and >veight for the type of transport available. The width 
of each slab should be multiple of the main bar spacing. The slabs 
should be moulded with a key joint as shown, and grouped in position. 
In moulding, the tops. of the slabs must be distinctly labelled. 

Details for abutments, piers, and wing walls are given on Plates^, 
VI, XVII and XVIII. An example of this type is given in Chapter 
Vli (Example 2). 

. 15. Reinforced conerete learn spmt, — Constructional details for rein- 
forced concrete beani spans are shown on Plate XXIII. 

This type is suitable for 15 ft. to 60 ft. spans. 

The economic span for a series of spans5=i:l| H (see Chapter V). '' 

Details for veinf oraed concrete beams are given in 'Tstblo XXIV. .-'‘v),;;'. 
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The 3 beam arrangement shown is the most eeooomieal in material 
and form work, and gives simplieitj in the floor slab and beam rein- 
forcement. 

Al! steel rainforeement must be ordered to suitable lengths and not 
by weight dr lineal feet. Splices in beam bars may be allowed if 
staggered, the two ends being hooked and inter-locked, and wired to a 
tight bearing on each ot!ier» For a series of spans the beams may • be 
made continuous, the continuous reinforeement over the piers being 
arranged as for slabs (see Chapter V, and Plate XI and Table XII), 

End spans, being seuii-eontimious, may be reduced to 9/10 the depth 
or 9/10 tlie steel reiriEorcerriont given in Table XXIV, and intermediate 
spans may be reduced to 8/10 the depth or to 8/10 the steel reinforce- 
ment given in the table, . 

Details for abutmentts, piers, and wing walls are given on Plates VI; 
XVII and XVIII. 

Examples of this type are given io Chapter VII (Examples 4 and 5). 

Tb.ESTLB file BEIDO-ES and OVEEELOW BEIBGBS. 

16. Trestle Pile Testle, pile bridges are suitable where 

piles can be driven, and a headway not greater than feet above the 
. river bed is required, and are cheaper than other types if the necessary 
supervision, skilled labour, and plant are available. 

They have the special advantage, apart from cheapnass, of not obs- 
tructing the waterway. Subject “to the conditions mentioned above 
they are suitable for low crossings over torrential nala streams in the 
lulls, with beds of gravel and small boulders, where the emrrent. varies 
from a trickling stream, or nothing at all, to a torrent from 4 to 6 feet^ 
high/ which arrives at short notice and ceases after a few hours. In 
such cases adequate protection against the boulders which the spates 
bring down must be provided above the trestles, A suitable method is 
to securely affix boulder crates upstream of the trestles, and also some- 
times to provide guard piles, which may themselves be similarly 
strengthened. ^ 

The superstructure may foe of reinforced concrete slabs or steel 
iroughing on rolled steel joists, or reinforced concrete beams and decking- 
according to materials available and individual practical considerations 
having regard also to the suitability of the type selected for the length 
of span, which is limited by the strength of the piles ,ond trestle con- 
sidered in conjonctfon with the load which the bridge has to carry. 

The piles may be of steel reinforced concrete. 

A homogeneous reinforced concrete structure is the ideal . ; 
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Timber pile bridges have been known to stand for many years, but 
they are not sufficiently permanent for ordinary use as permanent 
bridges. 

17. Remforoedoonerete Trestle Bridges,, — Constnietioiial details for 
reinforced concrete trestle spans are given in Plate XXV. Proportions 

o£ reinfoced concrete piles are given in the table on Plate XVIII. 

This type is suitable for ft, to 20 ft. spans (15^ maximum , when 

slabs only are used for the suparstrueture). 

The economic span for a series of spans in a pile bridge=s| H for 

concrete slab decking, or H for flooring and beams (see Chapter V)o 
For masonry (or concrete) piers, which may have to be used where piles 
cannot be driven, and in which term abutments are ineluded as these 
may be of masonry or concrete, the economic span=;l| H for slab deck'-* 

ing, or If H for flooring and beams. 

In a series of spans the reinforced concrete floor slab, if used, may 

be made contiimoas, and reinforced over the piers for eonstinuous 

slabs (see Chapter V, and Plate XI and table XII) .) 

For end spans the average of columns 9 and 11 or 10 and 12 on 
Table XII should be taken, for intermediate spans columns 10 or 12. 

18. Piles, — A pile ^‘bent’^ is a transverse line of columns or piles 

supporting a bridge j a tower is two or more bents braced together. 

In gravel and boulder beds reinforced concrete piles should be 
moulded with steel shoes. Reinforced concrete piles should be cured 
for not less than SO clays,, and should be supported at the quarter 
points when lifted or moved; they should be designed for the latter 
conditions, 

piles must be driven below bed level to a deptli not less than tr/iee 
the maximum depth at Observed Higb Flood, ordinarily subject to a 
mtaimum of 10 feet. Their projectbion above the bed should not be 
greater than the buried depth. 

If an buterop of rock or very hard material, into which the piles wdU 
not sink, is met at a lesser depth than 10 feet, it will usually be neces- 
sary to use thin masonry (or concrete) piers. 

The methods of driving piles and calculating the safe loads on piles 
are given in paras. 62-66, 

For reinforced concrete trestle pile bridges, the safe load^ on the 
piles as so calculated in each case must not exceed the loads indicated 
on Plate XXV, If necesary the number of piles in each bent must be 
incteased until ealeulations based . upon the pile driving results show 
that they will carry the bridge load, 

19^ Piers ai^d Abutments , — When tnasonry or concrete piers and 
abutments are used their shape# etc., sbteid oonform to the ordinary 
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standards given in Plates VI, XVII and XVIII, subject to the fol- 
lowing 

Top thickness of piers, in lime masoniy = F 4- 


Ditto, in masonry in cement or cement eonorete===|'-f 

Ditto, in reinforced concrete, which should have *25 per cent/' 

The piers should be stepped, out belo^v bed' level. so' that the. thick*, 
siess of a pier is never less than— 

' h/44 for lime m'asonry piers, . ' ■ 

Ji/6 for masonry in cement or cement concrete piers, 
ii/ 9 for mi nforced concrete piers 

where li is the depth below the superstructure slab bearing or the top 
of the superstiTioture beams, 

. The depth of the piers below average bed level should generally 
be 1*6 X maximum, depth or 2\5 X average depth at observed high 
flood, whichever is greater (sec calculations for scour and foundations of 
bridges. Chapter V). The width of tlie piers at foundation level should 
generally be about 1/3 of their total height® , 

The shord spans may be supported on ordinary masonry or concrete 
abutments, or upon pile bents filled in with masonry or concrete wailing. 

20. . Overflow Bridges ^ — 'Overflow Bridges are low bridges, with the 
superstructure at a low level, so that the normal flow or a small flood 
passes through the bridge, and a larger flood over the roadway. They 
are provided in conjunction with eausew^ays, across the deepest channels 
in the river bed, causeways being given to link them up with the banks. 

Overflow bridges are suitable for use across straggling nalas, in lieu 
of causeways, where traffic would be ubduly interrupted across an 
ordinary causeway crossing, . and complete bridging above flood level 
* would be unduly expensive. They are not suitable;-*- 

(i) Across streams subject to floods of long duration or high 
velocity, or exceeding about 6 feet in depth* 

(ii) Where the floods bring down large boulders or logs, etfe. 

(iii) In heavily silting river beds. 

In cases where piles can be driven, the comparative cost of a trestle 
pile bridge above flood level from bank to bank, and of an overflow 
bridge cum causeways, should be worked out before it is decided to 
,, provide the latter/ 
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. Overflow bridges should be construeted similarly to trestle pile 
bridges, with the following special differenices i — 

The clearance between the lowest part of the nala bed and the 
superstrnetiire should be that necessary to take an ordinary flood 
subject to a minimum of 3 feet. The ends of the bridge maybe 
sloped up at a slope of 1 in 14 to a rise of 2 or 3 feet, giving a larger 
clearance (5' to 6^) in the centre. In this ease the changes of slope 
should be eased off as laid down for causeways (see Chapter VIII), 

The roadway should have a cross slope of about 1 in 30 down- 
'stream,. ■ ■ 

^ Til© flooring should consist of reinforced., concrete slabbing, without 
any covering, except a top dressing of asphaltic concrete (See para. 47). 
Beams should not be used, as they thicken the superstructure and 
increase the obstruction. 

Handrails’^ and kerbs, where necessary, should be of minimum 
dimensions, to afford the least possible obstruction to the flow, and 
must be well fixed to the bridge. 

Where masonry (or concrete) piers are used (on beds, or portions 
thereof, where piles cannot be driven) they must not be built of lime 
masonry. 

The maximum span is 15 feet {vide para, 13). 

The economic span for a sories of spans esf H using pile bents, or 
li H using masonry piers,;.- , 

End spans of overflow bridges across midstream channels, adjoining 
.causeways, should be supported on end cross-walls terminating the 
causeways, of depth equal to pier foundation depths, and stepped into 
the causeway drop walls or viee verm, ■ 

Constructional details for overflow bridge spans are given in Plate 
XXV and Table XXVI, 

Plate oieme ato teuss beidges. 

21. Plate Girder and tm Spans , — Plate girders are suitable for 
40 ft. to 60 ft. spans 

Trusses are suitable for 60 ft. to 400 ft. spares. 

' These spans, may be of the deck type with the girders or trusses 
under the roadway, or of the trough type with the roadway between 
the girders or trusses. The deck type is generally the cheaper. 

For an 18 ft, roadway, deck type, the girders or trasses should be at 
13 ft. centres, the roadway being cantilevered out on the overhanging 
floor beams. The distance between the trusses centre to centre, should 
be about | the ovelrair width of the deck. , 
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In the through type the distance between, the trasses is of course 
governed by the clear width of the roadway plm kerbs. The principle? 
goYevoing the design of truss bearings, and the consequent pier and 
abutment widths and sealings, are given in para 8, and the iieee.-saiy 

allowances for expansion are referred to in paras, 8 and 9. ^ ^ 

Coustruetional details for abutments wing walls, and piers are given 
in Plates VI, XVII and XVIIl^ aiid^ t^^ relevant preceding paragraphs 

of this Chapter* , 

This type of bridge is that commonly used for large majoi ii 
on Military Frontier roads in India, largely on account of the fact that 
old railway griders can be obtained at comparatively small cost an 

remodelled for use as road spans. 

The flooring may consist of : — 

(i) reinforced concrete slabs on reinforced concrete beams or 

rolled steel joists or rails, or 

(ii) steel troughing on rolled steel joists, or 

(iii) steel troughing alone, carried on the plate girders oi trusses| 
In the ease of plate girder spans, when flooring system (i) is 
employed, the floor beams should be spaced 5' to 10' apart with 
a longitudinal slab of suitable strength spanning between the 
beams, no stringers being required. When steel troughing is used nu ex 
system (ii), the floor joists should be spaced at the maximum span or 

the troughing, .. n i ’ 

In the case of truss" spans, under systems (i) and (ii), the floor xeams 

or joists should be placed at the panel points the proportions of the 
decking being designed accordingly for the load and stringeis may . 
necessary for system (i). It is not economical or good engineering 
practice to apply the load elsewhere than at the penal points m en t ie 
truss ; if in any ease this has to be done (as under system (iii)> t ie 
chord must be designed for the bending moment and direct stress, or m 
the case of old girders it must be verified that the stress can be borne 
by the chord (old railway griders such as are used in such eases will 

usually be of ample strength). ... . , « . 

Except where the old girders are extemporized for the purpose, tor 
' efficient -design, not more than two plate girders or two trusses should be 

used per span. 

Beinfobobi) concrete arch BuineES. 

2a, Beinforeed concrete Arch J?r%««-Beinforoed concrete arched 
bridges constitute an important development of reinforced eoiic.rete 
eonstmetion. 
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The theory and principles goTerning their design and coiistriietion 
are here explained, and praebical examples of two types of such bridges^ 
with 100 ft. open spandrel arch spans and with 100 ft. filled spand- 
rel arch spans, are worked put in Chapter VII constructional details 
and type designs being shown in Plates XXVIII and XXIX. 

The terms applied to the various parts of an arch together with 
construotional proportions and stress fornuilee aeeording to the method 
here described, are shown in Plate XXVII. 

liters and AbutmeiiU — In all arch bridges, the arches in which 
depend for their proper action upon horizontal and vertical resistance 
witli out settlement, rigidity of abutments, piers and foundations, is 
particularly essential, and care must be taken that the foundations are 
built on hard unyielding material, or supported on well foundations or 

Xfiles at 3 dr 4 ft. centres, also the unit stresses on the foundations %iust 
be safe. 


The abutments and niers in reinforced concrete arch bridges form 
one structure with the arches, and all arch reinforcement must be taken 
well down into them, to ensure continuity at the arch springings. 

The design must be such that the thrust from the arch or arches,— 
(i) as for one span loaded and the other not loaded in the case of 
an unreinforeed pier the unbalanced live load thrust). ^ 
(ii) as for the shore span loaded in the ease of an abutment, does 
nok pass outside of tlie middle third, 

^4, Spandrels may be open or filled, 

Open spandrels consist of columns built on the arch ring or arch 
libs,; supporting the floor carrying the roadway, Spandrel columns 
should be spaded at I to 1/16 of the span or 5 to 10 ft. apart, in small 
and large spans respectively, 

Pilled spandrels are filled solid {eg , with earth), side walling being 
provided between the arch and the flooring. 

-^5* p7%7ic{ple^ of For economy, the springing line 

should be placed as near the foundations as conditions will permit. 
Tills reduces the cost of piers and abutments. 

The rise of the arch should be as large as possible, in order to 
reduce the material in the arch ring or ribs, piers, and abutments. 

The filled type of spandrel is usually more economical than the open 
type, for arch rises under 15 ft., except when the foundations are not 
good, in which case the use of an open standard may reduce the cost of 
the abutments and piers, on account of the smaller dead load involved, . 
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In open spandrels nofc more than two arch ribs should be used. A 
larger number than this complicates the floor construction, and gives no 
appreciable saving in its cost j it also increases the cost of the spandrels, 

the arch ribs^ and the abutments. Two ribs only have been used for 
roadways 40 to 60 ft, wide. 

The arch axis curve should ordinarily Coincide with the equilibrium 
polygon for dead load ; in rises greater than -I- of the span it should 
coincide with equilibrium polj^gon for dead load half live load, A 

curve of uniform radius will seldom comply with this condition, A 
8 centred curve can often he used. 

£6, Consi;rnctiQ7uil deiaih.-^ln arch ribsji the width of the section at 
the crown should be about twice the depth. As the width is kept 
constant, the section will approximate to a square at the springings. 
This arch rib shape has the advantage of giving low temperature and 
arch shortening stresses^ but it involves a slight increase in sectional 

area over that required in narrow and deep sections. Narrow and 
deep sectional arch ribs Inive an nnpleasing appearance. 

The steel reinforcement percentage on the surface area of the arch 
rings or ribs should not be less than 0^5 per cent, in each face, at the 
crown and at the springings. As the arch rings or ribs are io com- 
pression, the top and bottom reinforcement layers must be efectively 
connected by steel bar binders placed l£^'tol 8 ^' apart as in columns, 
to prevent tbe main reinforcement bars from breaking outwards. Arch 
ribs should be braced at intervals not exceeding 8 times tlie width of the 

rib. If the floor system is immediately above the arch, no braces are 
required at the crown, as the flooring braces tbe arch ribs efieetivel}’” 

To avoid cracks in the spandrels due to tbe movement of tbe arch 

ring under live load and temperature stresses, or due to tbe deflection 
under dead load if the spandrels have been built before the centering has 
been removed, expansion joints must be provided in the spandrel 
w^alls, and in the floor of open spandrel bridges. These joints are 
usually pinced symmetrically about 80 ft. apart, allowing for about T' 
of movement in either direction. 

The centering must be rigkb and not liable to appreciable deflection 
during the constfuotion of the arch. Small arches are generally con- 
creted simultaneously from both sprinings to the crown, at a uniform 
rate. Larger arches are concreted first at the springings, then at the 
crown, the haunches being filled in last 5 this method reduces the distor- 
tion of the centering under construction loads, and the stresses due to 
shrinkage of the concrete. 

' The depth from the road surface to tbe top of the arches should not 
; :-ba ■ less- thani^^ 
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27, live Load, — As concentrated live loads are effectively distribo- 
ted by the earthfill, or by the rigidity of the flooiv slabs, 

in designing the arch ring, inaj be taken as uniformly distributed on 
the roadway. The uniform live loads given in Chapter V, para, 31, 
should be used for the arch ring. 

The floor system and spandrel columns should be designed for con- 
centrated loads, 

28, Standard methodB of arch Eeinforced conerets arches 

are usually designed according to the elastic theory (see para. 36). 
Such methods determine directly the position of the resistance line 
which gives the least average stress on th^ arch ring. The correctness 
of the elastic theory has been proved by practical tests. 

The graphical method is- employed to. determine, by trial and error, 
the position of the resistance line which gives the least avei’age depar- 
ture from the arch axis. 

The variation in the stresses found by the two methods is aboot-lO 
per cent. . 

29, Approxmate Practical Method,~^\m standard methods of 
analysis according to the elastic theory are very laborious. The method 
here adopted, devised by Major Gibb, which is based on the analysis 
of elastic theory results by standard authorities (see WaddelPs Bridge 
Engineering’^ and HooPs ‘^^Concrete Engineer’s Handbook^’, Cochrane’s 
analysis), will be^fo and suitable in practice for both large and small 
spans, provided that ;~ 

. (i) para. 25). The arch axis- comckles with the resistance 

line or equilibrium polygon, for dead load in the case., of 
small rises and for dead half live load in the case 

of rises greater than I of the span. 

(ii) The depth or thickness of the arch ring or rib increases from 

the crown to the Springings in the proportions laid down 
in the method (see Plate XXVII). 

(iii) para, 25), The steel reinforcement percentage on the 
calculated area is not less than 0*5 per cent, in each face, at 
the crown and springings, 

(iv) (Fide para. 25), The depth between the road surface and 

the top of the arch is not less than 2^ 

SO. ^otatw?i,-^The notation adopted in the formulie is as follows. 

All units feet and pounds. 

Wq =sdead load per lineal foot at crown, ' 
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Wg=dead load per lineal foot at sprinings, clear of abutments and 


details. 





w=Iive load per lineal footj 

(If.B,— “W cj ws and w are nanally taken on a 1 ft, width for arch nngSj and on the 
width carried by one rib for ribs), 

L=3pan of arch axis, 
rsrsrise of arch axis. 

x & y=abscissae and ordinates to arch axis. 

Angle /5===iaclmation o£ springing line to horizontal, 

h^sscrown thickness or depth of arch ring or rib (in feet or inches), 

hs=springing* thickness or depth of arch ring or rib (in feet or 
inches), 

M^^nioment at crown. 

' Mg ssMornent at springing 
T,==fch rust at springing, 

Vg=:shear at springing, 

b=\vidth of arch ring or rib considered, usually 1 ft* for rings, or 
width of rib for ribs, * 

H=Iiorizoiital thrust consequent on arch action ; for any given 
loading H is uniform throughout the arch, 

^t®r=:rise or fall in temperature in degrees Fahrenheit. 

For spandrel filled arches t is taken— ±^0° ; for open span-» 
drels+SO^ ^ ; - 

Ha=horizontal thrust due to dead load 4- half live load 4- tempera- 
ture. 


e^excentrieity of tlie thrust from the arch axis^sisi 

81. JreA proporiiom ^ — The curve of. the arch is found by 4he 
following (WaddelFs) formula (which is suitable for all arches)^— 


^='%itgsT 

w. 


Where a— 


( 1 ) 

(a) 


The inclination of the springing line to, the horiaontal is found by , 
;%ev Witt£tiohv:r ^ 
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tan 


4f 


-[6L + 3li(u-l) 


(8) 

L^(a + 5) *' "■ ^ ^ 

I'lie curve may also be determined graphically. AS centred curve 
will usually fit the plotted points. The e<puations for the radii of this 
cui’ve are given on Plate XXVII, viz - 
(ad)2 + (bd)^ 




E,= 


£bd 

(ef)2 + (e(l)2 


2(ed cos 0“- e£ sin @) 
ad 


where siu Q 


R 


xn 

( 5 ) 

( 6 ) 


The depth of the aroh ring or rib increases from the crown to the 
springing as follows (see Plate XXYII), 

Depth at crown=hc ft. or ins. ..V 

Depth at springing=hs ft. or ins. 

Depth at J way from erown=:’89bg + 'llhg ... ... 

Depth at I way from erown=s’78hc d-’^^hg ... ... (7S) 

. Depth at f w^ay from crowEi=''60hc +*40hg ... ... (7^?) 

Approximate values, for be a^nd hg are as follows 


h in ft.)^ . 

9600 


hg— h^see, /3 ... ... ... ' ... (9) 

A trial design for the arch should be made accordingly, and verified 
"or altered as necessary as a result of the application of the formulse for 
stresses and moments, which are as follows (see Plate XXVII), 

All units in this formnlm are feet and dbs. 

82. Local StresM , — The dead and live load thrusts are due to arch 
action, and the moments are induce^d by similar conditions to those in 
continuous beams* 

(i) J?or dead load (applicable to crown and springing). 






Me = 

! 

Ts.= 

Me; 


48r 
H ii 


•(u + 5) 


4- 


40 
=11 sec. j8 
qv u 


= 4" 


40 


( 10 ) 

( 11 ) 

( 12 ) 

(14) 


# 4 « 
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WeL, ’ 

— g”(^^ + ^) ••• 

(ii) For live load for Mas. + (applicable to crown) 


'wJj^' . ■■ ■ 

± no 

(iii) For live load for Mas* 'f* Mq (applicable to springing), 


Tg —H sec. p ■ ; ■ ■ 

Mg = 4-~^^^for open s^mndrcls 
wL- 

H—+ filled spandrels ... 


(ir) For live load' for Max— (applicable to springing). 


Tg =H see. /S 




(y) For live load over whole span. 




( 24 ) 


m ( 25 ) 


88, Tm^em^ure S^rmes.-^For arise in temperature, t!i^ length of 
the arch axis increases and the crown rises, producing a horizontal 
thrust ou the abutments, a negative moment at the crown, and a positive 
moment at the springing^ For a fall in temperature the conditions are 
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Por temperafeiire ± t® (applicable to crown and springing). 


Alteration in H = 

4600 h h 3 1° 

= ±-“ 


... (27) 

Alteration in Me 

il 

+1 


... (28) 

Alteration in Tg = 

H 

--- • 

~ see. ^ 


: ... (29) 

Alteration in Mg 

SHi- 

— ± 4 . — 


... (80) 


84'. Arc/i SJiofienmg Sfresses , — ^The effect of compressive stress in 
the arching due to dead and live loads and temperature is to reduce its 
lengthj prodncing'resiilts similar to those due to a fall in temperature. 
For arch shortening (applicable to crown and springing). 


Alteration in 


. -Shi 


Ha h,2 


(81) 


he ^ /r^see. /3 

where Ha — H obtained by equation (10) -f obtained by equation 


(25) -f difference in H obtained by equation (27). 

Hr 




Alteration 
Alteration in Tg =« 

Alteration in Mg «== 


4 


H 


”’sec. ^ 
SHr 


(82) 

... ( 88 ) 

. (84) . 


35. Jiemarh on tke mei/ml^An implied excentricity Qf||-and~| is 


assumed for the dead load moments and Mg (Cochrane). 

This method will never give results smaller than those derived by the 
standard elastic theory methods, 

The values of HTg and are correct for dead load* 

For live load, temperature, and arch .shortening H may be 5 percent 
to 10 per cent in excess, and Tg and Mg 10 to 80 per cent in excess of 
the aecumta values obtained by the elastic theory depending upon the 
proportions of the arch* Such errors^ however, are so minimized by the, 
dead load forces, which are much greater than the others, that the 
resulting arch sections will not vary from those obtained by the arduous 
methods of elastic theory analysis by more than 10 per cent in the worst, 


ii 
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. In this method, tlie same conrention is used as in beams, i,e,^ -hM 
gives the tension in the bottom surface, and— M gives the tension in the 
top surface. Shear stresses need not be investigated, as they are never 
high, and the concrete and the bar binders between the top and bottom 
layers of steel reinforcement (see para. ^6) furnish ample strength to 
withstand'tlvem.’ ■ . ■ ■ ■ 

This method can be used for the design of masonry or iinreinforced 
concrete arches (sec para. 8), in which case tlie iuiit stresses must be 
safe for the material and the thickness of the arch ring must be not less 
than 4 e to 6 e, say -6 e. . 

36. Method for Specinl Oues,~li for any reason the arch axis can- 
not be made to coincide with the resistance line or eq[uilibrium polygon 
for the load, as defined in para; 25, the arch must he analysed by one 
of the standard elastic theory methods, vide Principles of Reinforced 
Concrete Construction Volume III, by Hool, or Concrete Plain and 
Reinforced by Taylor and Thompson. 

It is usually sufficient to find t!ie maximum stresses at the crown 
and springing of tiie arch, and at a point ^ of tlie span from the crown. 

An approximate method would be to use the same values of H Mo 
Tg and Mg for live load, Temperature, and Arch Shortening as shown on 
Plate XXVII, and increase the Dead Load Moments and Mg by H 
or Tg multiplied by the exeentrieity of the arch axis from the resistance 
line for dead load wliieh has the least-average departure from the arch 
axis, 

87. Samples . — A practical exposifcioa of the method of design out- 
lined above, including farther details and piacfcieal notes on the con- 
sfcruction and design of this type of bridge, is given in the examples of 
complete reinforced concrete arched 100^ span bridges of open spandrel 
and filled spandrel type .worked out in Chapter VII (examples 9 and 10). 

ReINEORCEB CONCllETE BOWSmiNO* BllIDGES. 

38, Reinforced Concrete Bowstring Bridges, — Reinforced concrete 
bowstring girder spans constitute a useful type of bridging, in large 
bridges requiring small headways they are thus particularly mutable for 
crossing torrential moufcain streams. 

An illustration of a single 315^ clear span road bridge of this type 
as constructed in Prance, is given on Plate XXX. 

SnarEHsioH bridges. 

39, Suspension Bridges, — The modern type of stiffened suspension 
bridge is economically and practically suitable for highway road bridge 
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spans, to oarry Mv T., o£ SOO ft. and upwards. Experience in America 
and Franc© shows that the cost of this type in bridges of mpderati^ 
span is not nneconomica! as eompaved witlv otheiv types, an^ in fact in 
many eases it is cheaper* 

This type of bridge should therefore be studied, and its use eon» 
■sidered, when designing large 'bridges for military ,roads,„io India. 

The EdTantage of aToiding the eonstruetion of piers in the rirer bed 
is apparent in all casesj and the use of suspension bridges across the 
torrential nala crossing on Frontier hill roads, where practicable, is 
particularly attraoti?©* 

Modarn highway suspension bridges (disregarding field saspensioo 
bridges, which are not dealt with here), are of the following types 

(i) The wire cable bridge with separate steel stiffening truss, as 
used in America* 

(ii) The wire cable bridge with inclined stays, as used in Prance 
and French colonies. 

(iii) The chain or ri vetted -chord bridges, as used in Germany and 
Austria, 

The use of eyebar chains is preferable to steel cables, as they have 
the advantages of greater rigidity, and greater resistance against 
corrosion I they permit of efficient attachment of the stiffening |web 
members, combined with which they form a homogeneous rigid main 
carrying system. 

The bridge flooring should be as rigid as possible of reinforced 
concrete or steel, to assist in promoting the necessary stiffness. 

For the design of Suspension Bridges, see ‘‘Notes on Applied Mecha- 
nics (structural published by the S. M. E. Chatham, WeddelFs Bridge 
Engineering, and standard works on Suspension Bridges. 

Lioet BBxnaBa ok pack tbakspom iioabs, 

40. Light BfiAgeB.^On pack transport hill roads, as in Chitral, light 
timber bridges, using local materials supplemented by the necessary 
iron work, sleepers, and wire cables, ar@ often provided, in the form of 
suspension bridges, cantilever bridges, tension bridges, and crib pier 
bridges. 

The design of these bridges is described in the Manual of Military 
Engineering. ' 

The loads which they should be calculaied to take are given in 

The standard roadway dimensions are given in the General Specifica- 
tions (Chapter III and Appendix III). . , ' - 
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Boat Bridges. 

. 41. Boat Bridget , — Boat brigdes and ferries exist in many places 
on Indian ' roads, biit they' . arc not provided as a new measure on liigh- 
way,*! for M. T. ,tra,ffi,e 5 exeept as, filled bridges, on aeti Ye service or as a,: 
tjcmporary expedient. 'They are expensive in upkeep, and are liabia to 
be^washed away by heavy floods.- • 

Where practicable, funds being available, existing boat bridges are 
replaced by pucea bridges^ or strengthened as far as possible to take 
heavy M. T., where necessary and where their replacement is impraeti^ 
cable for financial or other reasons. In some cases river 

Indus crossing between Darya Khan and Dera Ismail Khan), where the 
provision of a pucea bridge is impmetieabie, boat bridges are maintain- 
ed in. the cold weather,. and are dismantled and repIacM by ferries in the 
hot weather flood season. 

The methods of construction of boat bridges are given in Manual of 
Military Engineering. On Indian higliweys country boats or special 
pattern boats (in the Punjab and North-West Frontier Province the 
Jhelum pattern is standardized) are used for pontoons, and trussed 
beams are used to carry the superstructure, other details of the equipment 
also being of loe^l pattern. , ‘ 

Bridge Deeshoes. 

42, Bridge DefenceB ^ — When it is necessary to provide bridge 
defences, as in the ease of important bridges and boat bridges, parti- 
cularly in Frontier districts, these usually take the form of diagonally 
opposite double storey blockhouses located alongside the bridgeheads, 
suitable as a rule for garrisons of 6 to 12 men. The defences should be 
designed so as to afford free traversing fire along the bridge, combined 
with facilities for ordinary defensive fire in all directions over the roof 
parapet and through horizontal loopholes therein, and close up, protec- 
tion by means o£ machicoulis and low vertical loopholes through the 
base of the roof parapet* Entrance is usually gained by a steel door in 
the up|) 0 r storey, with a draw-up ladder, and a barbed wire perimeter 
entanglement, ‘with entrance closed by a knife rest or gate, is 

provided. In certain cases, barriers or unclimbable gates may be 
necessary to close the bridge when required. In such eases, these should 
be worked into the biock-house defence schemes, and care should be taken 
that barriers or gates are properly commanded by fire from the 
r. blockhouses. 
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MiscELLAifEoirs Bribge Details anb Sp,EciFiCATiO]srs- 

43. Handrails and Pc?, “Handrails and posts should be designed 

for a horizontal load of ?5 lbs. per lineal foot, Their height is given in 
the General .Specification ((Jliapter II), on culverts and on 

bridgesj increased to 8' on long high bridges. 

Steel handrails and posts should be designed as follows)-^ 

■ Umdrails, ■■ 

" ' ■ ' li ■ " 

Deflection— 

L=distape0 between posts in ft; 

" T^'- W L2- ; _ 

For distance between posts ot- 54^ 7^^ 7|^ 8|^ lOF 

G, I. piping of the foHosving diameters should be used ll*"' 14^^ 

ir 2'^ 

As a rule, 2 iiicli G, L piping should be used for the top rail, with 
the posts at a maximum interval of 8 ft. 

JPosis, 

Bending Moment M— (75 xLxH) ft, lbs. 

Where H==: height from top rail to junction of post with bridge. 

- Hxi'a_Lx'H ' : 

For posts 8^ apart and H=53'y 

;.:V: 

angle iron is suitable, with the 4'^ flange alsross the 

handrail, 

Eeinforced concrete Iiandrails and posts are particularly suitable 
with reinforced eoneiete superstructures.. Details of these are given in 
the type designs for i^einforced eoiierete bridges, 

44, Parapet Coimgs . — Parapet copings should normally be of 1:24:5 
cement concrete ov large dressed stones set in 1:2 cement mortar. 
All copings should be weather sloped on the upper surface. 

« It is sometimes advisable to adopt such devices as to bond in the 
end coping stones with iron bars let into the masonry and into the* 
coping stones, to give greater stability against bumps and, to ^render : 
wilful removal more difficult, 
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45. Wheel Gxianh , — Wheel guards or kerbs should be constriietetl 
o£ first class stone in cement or cement concrete. 

46, Itoa^ surface mt concrete decking . ordinary method of 
finishing off the roadway o Ter reinforced concrete decking is to coat the 
concrete with asplmlteand eoTer it with about of clay and 6^^ matel- 
lingj which gives a cheap and easily renewable wearing' surface. 

The deckiiig may, IioweTerj be eoverd in lieu with asphaltic con- 
crete alone i this is the only method in ease of overflow bridges. 


47. AsphaUie mnerete surfacing . — The followung is a suitable 
method of asphaltic concrete surfacing ; — 



Miiliure. 

Fine Khingle ... 

Sand 

Asphalt© 

Bitumen 

Portland Cement 

.... . . . ... 


lbs. 

160 

156 

150 

■SO- 

SO 


The asphalts and bitumen are heated in a boiler until melted to the 
consistency of cream. The Shingle and cement, having been mixed dry, 
are then added gradually and stirred in. 

The concrete surface is then cleaned, and the mixture is laid and 
lightly rammed with wooden rammers to a thickness of: 1 to inches. 

The mixture when dry forms a hard surface which wears well under 
trafiSe, is not too brittle, and does not .get too soft during the hot 
weather. The surface should be kept covered with a thin layer of sand 
to prevent it from getting slippery. 

Sufficient boilers should be employed to minimize joints, and enable 
a large area to be laid at one time. 

Where there are expansion joints in the girders and in the concrete 
deckjing, plain asphalte expansion Joints must be given in the asphaltic 
^ concrete surfacing. 

This method of surfacing concrete bridge decking has the additional 
advantage of reducing the weight of the superstructure and the conse- 
quent load on the girders, etc, 

j . 48* Moadwag <^m^my^»~4-deqaate drainge must he given to the 

i roadway on all bridges and culverts. Drainage openings, about & 

I square, with ‘their upper sills 8^' above the surface of the metalling 

should be given on both sides at intervals of 8 to 10 ft., provided where 
necessary with a projecting lip to throw the drainage dear of the sfcrue- 
? ture. The metalling should be cut away and sloped down immediately 

? in front of each drainage opening* ' 

I'' ' ' , • • , ' • ‘ , - , , - „ 
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49. Sjiecijicatiou for masonry worlc^ — The metarials and worhmati- 
ship Jn all road structure (including bridges and cuWerts) miisfe 
conform to the specifications laid down for bui work getieially (see 
Volume I.— Buildings and Generally as applicable, amplified by the 
speoifications given m this Chapter and in Chapters IV (Retaining 
Walls) and VIII (Causeways). 

All road structure work demands the bast materials and workman- 
ship, in an especial degree. ■ 

50, Lt7ue and Cenumt^'^Jjiim mortar and lime concrete may be used 
n bridges, culverts^ causeways, etc., where the lime is hydraulie, the 

foiindatioDs are dry, and the river carries silt and sand only. In any 
case, lime should not be used in piers and abutments when the spans 
.'exceed 50 feet. ■ ■■ ■' 

Cement morter and concrete should be used where the lime available 
is not a first class hydraulic lime, or the foundations are wet, or the 
masonry is subject to the hammering action of gravel, or bajri and 
boulders* In spans over 50 ft*, cement concrete and mortar should be 
used in any case, as the piers and abutments in large spans carry con- 
siderable loads, to meet which lime mortar and concrete are ordinarily 
not sufficiently reliable. 

Piers and abutments in cement mortar or concrete can often be 
made of smaller dimensions than if lime were used ; this partially 
counterbalances the extra cost involved, and in some eases will cause 
m actual saving. 

Mixed specifications in cross sections, such as lime concrete filling 
inside a cement masonry skin, are unsound and sl>ould not be adopted ^ 

the strength of the cross seeh'on must be uniform. 

51, Vonerete infonniatum md iane conned* — Where lime concrete 

k permissible in foundations and base courses, or cores, the composition 
should be 1 part of lime mortar to 2^ parts of clean coarse aggregate, 
by volume ; the morter should be composed of 1 part ofEydrauIio lime 
tO' 1 of sand and one of surkbi. 

Cement concrete for this purpose should be composed of 1 part of 
Portland cement to S of sand to ft of aggregate (1 jr 3- 6)* la very wet 
foundations the outer ring of tiie base may be made of cement eoncrete 
laid in bags, headers and stretchers alternately, well rammed iata 
position. * 

52. Mamuar^ of piers and abi&imeufs.^M^i^onYj piers and abutment 
for spans not exceeding 6G fti (in cases where the use of lime k permis- 
sible), should be built of "solid lime masonry consislixig of hammer 
dressed coursed'^ rubble stone, or brick. In all except small culverts 
not liable to severe stress ;firat class bricks only should be used, Th#- 
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'masoniy should be pointed with 1 ; 2 eenient mortar from the base to 
high flood level, the joints being cleanly raked out deep, and 
wetted, before-., pointing* . 

In .all spans exceeding. 50. ft. 5 .and in smaller spans where .cement is;; 
to be used, masonry piers and abutments should be built (i) of solid 
hammer dressed squared and coursed stones, or first class briek in 1 t 2 
cement rnorter or (ii) of an outer ring up to nala bed level of first class 
stone or brick .masonry in 1 : 2 cement mortar, of thickness at least J the 
width of the piers, filled with a core of 1 ; 3 ; 6 pium cement concrete ; the 
construction -above nala bed level to be as in -(i). .-’ 

The plums should consist of large clean sound boulders placed by 
hand no closer together than 1 foot in all directions. 

53. Snperstrficture seatings must be of 

1 ; 2 : 4 eenient concrete of the following thickness in feat 5— 

For slab ; — 1-^ + -^^subjeet to a minimum of 6" 

For beam and truss bridges on cement masonry piers ami abut- 
ments |-4 — 

For beam and truss bridges on lime masonry piers and abut- 
Superstructure seats must extend across the full width of the pier or 
abutment (see also para 8) 

54. Mmonry Sj^andrel Walk, — Spandrel walls in masonry arched 
bridges should be built of hammer dressed coursed rubble stone or brick 
in the best lime mortar locally procurable. 

65. Arck iu masomj irid^€s,~Av<i\\ ling^ in masonry bridges 
should be composed as follows s— 

(i) Cement concrete 1-2-4, ■ with stone or moulded cement, 
concrete voussoirs on the faces (suitable for S ft. to 60 £fe« 

or (li) Chisel dressed voiissoir stone in 1-3 cement mortar (suitable 
for soft, to 50 ft. spans), 

or (iii) Hammer dressed voussoir stone in first class lime mortor 
' (suitable for 2 ft to 25 ft. spans.) 
or (iv) 1st class brick in cement or lime mortar using specially 
moulded arch bricks as necessary (suitable for 2 ft to 20 ft. 
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or (v) jst class Jime concrete, with stone or moulded cement 
concrete Toussoirs on the faces (suitable for 2 ft. to 10 ft# 
spans.) ■ 

The centering for arch rings in lime mortar or concrete should not 
be struck for at least 28 days after the arch ring and haunches have 
been finished, or until the lime basset sufficiently. 

The backfill should be eoin])leted to springing level at least, and 
preferably totally completed, before the centering is struck, (See also 
■ para - ■■■ 

66* Masou/y Arch haimches — Abutment hunches for stone or brick 
arch rings sliould be built of the same material with the courses 
approximately radial to the centre from which the arch is struck. Pier 
hanriehes for stone or brick arch rings should be of first class lime 
conerete; 

ArmiigemenU for hridges €07idniGtion-»^lLt is first principle of 
sound engineering that full and systematic arrangements (’‘bundobust 
for the work shall be made before construction starts ; including engi- 
neering staff lubouFj materials, accommodation, and tools and plants* 

- Parfeicaiarly in the case of a bridge, to start work without such 
arrangement having been fully made beforehand must .always increase 
the difficulties of eonstnietion and add to the total expense, without 
saving time in the end. 

Essential training and protection works must be built in the first 
instance-— they may take precedence of all other aiTangexnents. 

fiS. of fomulation$^--^ln all cases foundations must be taken 

to safe depths below scour, as laid down in Chapter V. The type of 
foundation adopted must be such as to comply with this condition in 

the river bed concerned* 

Open beidgb poundations. 

69, .Open Foitndaiions bridge foundations^ as in torrential 
sti'earn boulder beds, are best excavated by using -a crib f^*aming| to 
ensure that thay can be taken to the full depth. The crib should be 
strongly made of or 8" timber well braced and put together, and 
^mooth on the outside (an important detail.) It is sunk as the 
material is excavated from the inside, the excavation being kept 
tmwatered by suitable pumps* Crib work should never consist of 
odd pieces of timber roughly put together j an inferior crib will 
cost more in delays through refusal to sink and from meterial 
entering under it than the cost of a properly made crib, and delays are 
matters of considerable importance whan working in a nala bed, with 
the prospect of floods destroying the work before it is flood nroof. TBa 
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sanie set of.erib wort, or sets, is or are successively us^ecl for suceessives 
piers or groups of piers. 

The excavation of open foundatious without the me of any crib 
work should be avoided. It costs a great deal more in excavation, and 
is an undesirably uncertain method when the conditions of bridge 
foundation work are considered. 

: .'Well:' roEHOATioirs^AKi) well-sihkihg. 

60, JT^/l ^fo7fnffatiom.~ln silty river beds free from boulders 
masonry wells with a steel, timber, or reinforced eonerete curb or 
cutting edge may be used, The material is excavated from the inside 
of the well by a elam shell or grab bucket dredger. 

The skin friction encountered in sinkinir the well varies with 
character of the material of the well, the strata penetrated, and t!ie 
depth. The average iskin friction in lbs. per sq, ft. of surface (A) for 
any dept h ft. appears to vary roughly as xh, “ where x varies from 5 
to 15 for sand and clay, and from E to 8 for mud and silt j the total 
resistance of the well to sinking Axh lbs. This rule is only given as a 
rough guide ; the results obtained in sinking should be used finally. 

curb increases in thickness inwards to provide a 
seating for the masonry. In hard river bed inaterial the curb must be 
made of steel, or of reinforced concrete with a steel cutting ©dgo ,* m 
soft material .reinforced concrete can be used without protection. Tim- 
ber can be used for unimportant work, with a steel cutting edge - when 
necessary as in case of concrete. 

Stemiiig , — The thickness of the masonary sliell or steining should be 
about 2^ ft. Where high skin friction is anticipated, thick steinings 
may be used, with a view to the additional w^eight facilitating the sink- 
ing of the well without the addition of a super-imposed load for tii© 
purpose. 

The shaft of a well should be from 8 to 10 ft. in diameter, to give 
room for operating the excavating gear. 

From the curb, Vertical rods Securely fastened to it at about 3 ft* 
centres are brought up througli the centre of the moaonry steining, 
These rods are tied together at vertical intervals witli flat irouj which is 
securely fastened to the rods by threading tlie end of each rod and 
bolting it securely in place with a sleeve nut or otherwise. This ensures 
that the masonry will sink uniformly, and not be held up by increased 
«kin friction at any point. . 
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When the well has reached an impenetrable stratum, or alt^iatively 
has been sunk to a sufficient depth to carry a test load satisfactorily 
by means of the resistance set up by the skin friction of the material 
on the sides of the well (subject always to the requisite depth below 
scour having been attained), the bottom of the well is plugged with 
several feet of cement concrete. The remainder of the well is then 
filled up ,with concrete and a cement concrete cap is placed on the top 
to distribute the load. 

^ In excavating, the depth of excavation below the eotting edge of 
the well curb should never exceed 4^ ft. in a sandy bed, or a blow 
is certain to take place tending to throw the w^ell out of the vertieaL 
When a well sticks in sinking owing to increasing hardness of, or £rie» 
tion with, the river bed raaterialj a small charge of dynamite ozs. or 
(less), placed in the centre, should usually suffice to get the well on the 
move again. 

Before the first layer of masonry is built, the space inside the curb 
should be filled up with sand, to minimize tilting. 

fil. method of well sinkim . — A rapid method of eonstriicting 

well^ foundations in a ranning etream with a bed of sand, shingle, and 

^ad bonideis, is that adopted in the ease of the bridges across the 
JKabul river at Miehni near Peshawar, as follows , 

The liver bed was first piled. Each well curb, with brick steinintr 
superimposed, was then lowered, I foot at a time, by means of a sust 
pensioa and lowering device. The curb was forced down by means of 

14. heavy screw jacks of 20 tons capacity each, until the curb founded 
squarely on the river bed. The well was then sunk by dredging 
■ through the boulders and shingle of the river bed. A large quantity of 
boulders had to be broken up by blasting before the curb reached its 
nal level. The curb was made up of heavy steel plating and angle 
secKons, to resist the eoneussion caused in blasting out the boulders, 
The bnek work steining was built up above water level concurrently 
with the sinking of the curb. When the well had been sunk to founda- 
tion depth (about 12 in this case), the inside was plugged with 
concrete. 

This method is described as being suitable to the conditions men- 
tioned ! it is- not recommended where deeper foundations, in a shingle 
and boulder bed, are required— the foundations would have been taken 

deeper in this ease iiad not the increasing difficulty of sinking, rendered 
this impractisable. , . , - 


ERIDaES AI^D CXILYBUXS*-^- TYPES, ETC. 


89 


Piles anb pile briyik^* 

62, Piles — Piles are ordiDarily made of timber, reinforced concrete^ 
or steel, according to aTailability of materials, the importance of the 
work, and the nature of the river bed. 

, Where timber poles are used for piles, they should be of diametet 
6 to 8 inches at the tips, 14 to 18 inches at the butts, and taper iioi* 
formly. They must be cut from sound trees free from uusoimd of 
loose knot, etc., and should not vary from the straight by more than half 
the middle diameter. The bark should be peeled off and all branches 
trimmed off completely. The point should be accurately central and 
shaped conically. Except in soft ground, the point should be protected 
by a wrought or cast iron shell, or by a couple of V shaped loops of bar 
iron spiked to the pole. 

Concrete piles should be designed in accordance with the details 
shown on Table XX VL They should be made of 1 : ^ t 4 cement concrete 
enured for at least 80 days, and when lifted or moved should be sup- 
ported at the quarter points in their length* They should be fitted 
wdth steel shoes, except when the ground is soft* and free from boulders 
and shingle (see^Iso para 17 and 18.) 

63. Pile Priving — Piles may be driven : — 

(i) by a drop hammer, 

(ii) by a steam hammer, single or double acting, 

(iii) by a percussion pile hammer. 

In hard ground a percussion hammer will sink a pile which would be 
crushed if driven by a drop hammer. The drop hammer should weigh 
not less than the weight of the pile. 

Tho tops of the piles should always be protected by cushions of 
wood or rope wliilst they are being driven. « . 

In driving, if the hammer bounces to any extent the fall must be 
too great, the hammer must be too light, or the pile must have struck 
an impenetrable obstacle. Decreasing the fall will frequently increase 
the effectiveness of tiie below and diminish the bouncing. If the point 
of the pile reaches an impenetrable stratum and hard driving Is conti- 
Buecl, the foot of the pile, may be spread out and spoilt. ' When the 
penetration has diminished to J to ^ inch per blow, and the hammer 
rebounds considerably, the safe limit of driving has been reached. 

As a general rule, piles need not be driven more than 10 feet in hard 
ground, to BO feet in soft ground, provided that the penetration under 
the last series of blows is satisfactory, and that scour depth conditions 
are met. 
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Piles may be badly damaged by over driving | hence once the pene- 
tration and depth are satisfaetory^ driving should be discontinued. 

6^ Safe loads j';« 7 <? 5 ,“Where the pile passes through soft material 
and the lower end rests on an impenetrable stratumj the permissible 
load is limited to the strength of the pile considered as a column. 

The other case is that of a pile driven through fairly uniform mate® 
rial j the load is then carried by the friction of the bed material on the 
sides of the pilSj and the permissible load is determined in relation 
thereto. ■ 

For a friction pile, the following formulae give th© safe load. They 
iiielade a factor of safety of 6 

For piles driven with a drop liaminerj 


Wh 

S-fl 



For piles driven with a single acting steam hammer? 


2 Wh 

s+oa 


For piles driven wdtii a double acting steam hammer. 


(g) 


where 


g h ( W a p) 



P=safe load in Ibs^ 

W =3 weight of hammer in lbs. 

Ii==:fall of hammer in ft. 

assoffective piston area in square inches. 

p=3:effeetive steam pressure in Ibs./sq. in, 

S3=:penetration under the iast'beldw, in inches; this may be, 
taken as the average penetration per blow under the last 5 blows, where 
the penetration is smalU 

65. sand, mud, or soft clay, piles may be 

founded by discharging 1, .2 or 3 water jets at tlie point of the pile^ 

^ thus loosening the soil and enabling the pile to sink by its own weighty 
assisted if necessary by very light blows from a drop hammer. 

. In this method, the water is usually conveyed to the point of the- 
pile through a pipe fastened to the pile , tlie jets must be in advance of 
the pile point. 

The water Jet method is almost useless in gravel, or in sand contain- 
ing gravel and clay, 

Foiind^tiohs by Fowler should be consulted for full particulars. 
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66. Screw P^7^^.~Serew piles generally consist o£ a rolled iron 
sliaft, or a east iron pipe, 8 to 10 inches in diameter, haTing at its foot 
one or two turns of a east iron screw with blades 1^ to 5 feet in diameter 
They are screwed into the ground by a hand-operated capstan, or other 
suitable mechanical or animal power method^ 

Screw piles will penetrate the majority of ordinary river beds, 
they can be driven into clay and loose pebbles and stones, and will 
push aside small boulders. They are not efficient in dry sand and 
cannot be used in beds containing large boulders or petrified conglo« 

■ merate, etc. 
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CHAPTER ViL , 

Bridges and Culverts — Examples. 

Iiilfaductory“**-“CaIciiIatioiis fdr Fonsidations, etc., for a Bridge across 
; ;;an airerage hill . st^^^ Reinforced Concrete Slab Ctil¥erls~, .. 

;,/ ,,6^ -:Steer: Troaghmg Goiserete, Slab Decldog ' 

Continuous over Longitodlfia! Reiisforeed,, Concrete Beams — 
Reinforced Concrete Beam Bridge— Reinforced Concrete Floor- 
ing on Roiled Steel Joists Bridge— Rolled Steel Joist Splice- 
Masonry Arch Bridge — Reinforced Concrete Qpen Spandrel Arch 
Bridge— Reinforced Concrete Filled Spandrel Arch Bridge- 

Inteobuotoby* 

In this Chapter examples illustrating the application o£ the 
principles and methods described in Chapter VI, and utilizing the tabu™* 
latod working fonnulse, diagrams, and results are given. 

The standard load (12 tan road roller with 25^ in pact) is catered 
for in all cases. 

Example 1. 

Galmdaiioiu fw fmndationa^ eic.^for a hvitlge acrosH an arenige hill 

Slream, 

See Chapter V, paras. 9-27, 

Above At Below 

Bi'idge Bpidge Bridge 
site. site. site 

Cross sectional area of waterway at O.H.F. 

A*=sq.ft. ... ... ... 2,900 3,000 3,200 

Wetted perimeter corresponding to A, 

V^it ... ... ... 410 400 433 

Hydraulic mean depth below O. H, F, 

Maximiim depth to scour holes below 0. H. 

’ „ Slope of water sursace, S, at ... ,0074 ,0070 .0007 

Mean relooity of stream at O, H, F, 

{Mm- ■ ""discharge ' at' 
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As the value of Q for (^) (Bridge site) is within 5^© the mean 
Yalue of Q for sites (/k) and (i), the calculations may proceed^ utili^ng 
the values for the bridge site. 

B. L. ofO. H. P. L. ==« ISim 
E, L. of meari bed level =124*S0. 

The catchment area discharging through this bridge, measured from 

the map, is 370 sq. miles approximatrfy. The run-off, Q,~ ElOO X , 
=40,500 ojfsees approsp, which is a rough check on the flow derived 

from the hydraulics of the river at the Bridge Site. 

To allow for an obnormal flood, the discharge at maximum high 
flood must he taken approx.^ — this, subject to a minimum of If- Q* 

Take Qj ^'\\Q:=^55fi00 cmees nppros^. 

The hydraulic mean deptli at Max High Flood of Tl- Q. 
iq=r (l*|-)3/5 approx,' 

^1.19 r 

=:M9x7‘5==S*05/iJ. 

The ap|)rox rise in surface 

;;a±r^— rsssl , v-,;': 

The wetted perimeter at Max High Flood. 

=4004- E*90 =403/7. approx. 

The waterway area at Max. High Flood 

= 403 X 8*95 =3,540 /A 
The probable maximum velocity. . 

= VX(l|)2'5 

= i'iav. 

= l-12xl3-7=I5-35A/*«c- 

The maximum discharge. ~ 


- A, V, 


= 8,610x15*33 = 55^300 cmeen approx, which is near hncugh 
to 55,000 cusecs to be assumed as corrects 

It is proposed to jprovide a waterway B of SEO ft. clear between piers 
and abutments, by 4 spans of bO ft, clear width. 

From cross section, area of clear waterway at Max H; F- 


Ag =3,200 ft. 


and the average depth. 


Art 


3,100 




m 


-.9-7 ft. 


■. . ‘ f' 
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The average discharge per foot width of clear opening. 

Qi ■ ' ■ 


q=' 


B 


55,000 „ 

“ — ciiwecs. 

^*'0. 

The afflux 
h=H— *0156 v/ 
whercHi (H + lM) = 

C=’80 for round-nosed piers 
Hi (Hi + l|d) 


173 


5-35X-8 
or Hi (H-(rl4'65)=:4.0'3 
By trial and error, 

-oissVj 

=4'5—(-0155X 15*382 ) =*54 ft. 
The velocity under the bridge. 


_ 1-IXS610X 15*83 

V s 


--IQ-l ft. /sec. 


The waterway is slightly contracted only, and the current is straight 
•.'•the maximum px'obable depth to scour below Max H. P. L. 


Dt 


1-8 DV^ 2*1 r V, 


whichever is greater, 

1*SX 12*5 X 19-7 


.!.D, 


-or 


2*1 X 7-6 X 197 


187 


13.7 

—28*4 ft* or 22*7 ft. 

TakeDi=.95-4/i;. 

Depth of foundations below Max. !fl. P. L. 

D, =UxD, 

: : ;; : " ;;> . 

Depth below average bed level. 

::^ipD|^a3i«a^ 

B. L. of mean bed level being 124*80 
Ei L. of foundations will be 102*80. 
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The elearanee o£ th<e siipeisfcrueture above Observed H, P, L. 



subjeot to a miniraiim of Ir =5‘6 ft. 

Make e, A 181 ’ 80 -f 6 

No extra allowance for traffic is iieeessaiy, as the stream is not 

■navigable.:::- ■ ■ ^ ■ ' - ■ ' 

Fo^e.—The approximate rule (Chapter Y, eq.iiation 29 a) gives depth o£ founclatious 
below-, meaii' bed level . 

=r r-6-'-D"or-£‘5 r': " :■'.":-■■■■ ■ 

r=: (l«f5 X 12-5) or (2*5. X 7‘5). 

20 ft., or 18*7 ft. 


{, €\ SO ft. ■ ■ ■ ■/ ■ ' 

This agrees with the depth 20 ft. oaleulated by the complete method* 

Example , 

6^ Eeh forced Concrete Siai Culvert* . . 

See Plate XII and Chapter para. 14. — 

lleinforced concrete slab with road metal directly on top of the slab.* 
Effective span = about 6^ -f depth of slab 

Dead load from metal 70 Ibs./sq* ft. 

From Table XII, or Plate XXII, a 8^ slab would do, and from 
Table XIV this requires bars at centres with the centre of the 
bars 11'"' above the bottom of the slab. 

The following details illustrate the method of caleuktion:— 

Loads mid Moments on B,C- Slab ., — From Plate' XL Case I for longi- 


tudinal slabs, the maximum live load bending moment from the rear 
wheels at the centre of the span 

. = ^3’ . = 36,800 ft. lbs. 

and for one wheel — 18,160 ft. lbs* 


and for one wheel M = 




The effective width of slab across the slab span over which this may 
be considered is distributed is (see Chapter V, para, 81) ’ 

e=:| L+C with a maximum of 5 ft. 

V' ■':':■ Cs=='widtli%f 

X 6|) + P82=:^4*83 + L32==6;65a , 
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Then the live load moment per foot T?idtli of slab . 

Bf 18160 o lu 

— =3,680 it. lbs, 

■ e. ■ 5 ’ ■ 

Dead Load of 6' metal 14" earth cushion = 70 lbs, /sq. ft. 

8J" slab at 1 50 lbs, per cubic foot =108 

Total Dead Load ... ... =173 „ 

Dead Load Moment per ft. width of slab 

. 9i 6 ft. lb.. 

■'O' ■ o 

•I. Total Moment per foot width of slab 

= L.L.ai. + D.L.M. = 3,680 + 915 =.4,545 ft. lbs. 

Design of dab. — [See. Volume I, M. E, S. Handbook.] 

Prom Plate XXXI for stresses of 16,000 and 600 lbs. / sq. inch in 
the steel and concrete 


Steel ratio p= -OOd?, R 


and d= 


y 


:M _ 


Hence depth of slab d 


M 


95 b 


where'M is in inch lbs. 


\/ 95 X IS ” ^ 


Adding IJ" to cover the steel, total thickness 
h = 6’92+l-25 = 817". Say 8i". 

•.'Area of steel required pbd — ’0067 X IS’ X 6’92" 

==•57 sq. in, per ft. width. 

Prom Table XXXVII, this requires f" diameter bars at 64" centres. 

Shear need not be investigated, as the load is much less than 2120 
lbs./ ft. (See Table XXXVHI). Alternate bars will be bent (See 
Plate XXXV) and placed along the span with their centres 1|" from the 
underside of the 84" slab. The ends of all bars will be booked, and if 
splices are necessary they must be made- by interlooking hooks made on 
the ends of the bare, 

4" diameter distributing bars should be placed across the span, end 
over the bars along the span, at 24 ^ I'O 8' centres. 

JRtfdfmys.— Prom Plate XXII, the length of bearing on the abutment 




40 


. 4 ' + 


Thickness of bedstone 


6 

AO'i 

M 

m 


■65' = 8" 


4" 


fiMii 
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Gamher of 5'/a2.~Tlie slab must be cambered during construction to 

S 6' r „ 

: 240 ; ■ : 

Notes t~Fide Plate XXII, this slab can safely carry a superimposed 

fill of H =—^=-^=10 ft. 

v^v./ fpan 

If the fill were 15 feet, total thickness of slab 

From Table XIV this requires f" bars at 5^^- centres. 

Longitudinal slabs similar to the abo¥e may also oeeiir between the 
cross floorbeams of a plate girder or truss bridge. If continuous the 
moments are multiplied by f for fully continuous slabs^ or by f for slabs 
with one end continuous and one end simply supported. 

Abutments,— The bed level of the culvert is 6^ beiow'the surface of 
the roadj and the foundations are 3 £L deep. 

From Plate XVII, Type I, for masonry in lima 
a=-18" - , 

The thickness of the abutmentat ground level is ‘iOhsa'^Ox 
say 2^ 6''. 

H 9 

The projection of the toe==5-jg~ — ’jq —*9'. Say l\ 

The depth of the toe projection from its junction with the vertical 
face must not be less then 2 ft. 

The total base \vklth A— which is greater than 
“SoH, and is therefore satisfactory. 

If scour is anticipated, cut-off walls should be provided, as shown on 
Plate XV, The foundations in this case will be only 18^ or B' deep and 
the floor will be paved with stone in cement or good lime mortar. 

Example S, 

■ 6* sUel trou^king span. 

See Plate XXI and Chapter VI, para 11. 

Although steel troughing is very uneconomical in the case of such a 
small span, a culvert as in Example B will be considered to illustrate 
the method. 

Zoads and foments o% deeking.^The dead load is practically the 
same as in Example B, and the live load is exactly the same. 

C^Total moment per ft, width of decking 
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=* 4,645 ft. lbs. as in Example 

' ^ M ' 

Design of steel trQ%gldng.~%^Q>^\oii modulus I/Y==sZ==!s----|— j where M 


is in inch lbs., and £ = 6| tons/sq. 
4,645 X n 


Z= 


6^ X 


. 8-75 


in, for steer troughingo 


From Table XX for pressed steel troughing of 
section 4'' X Z = 6*0 
or for 5" X Z = 6*8 
This is amply strong, 


Though flooring is equivalent to eovering the floor wnth a -if or I 
plate, the deeper the section the greater being its strength. The weight 
per square foot, however, obviously remains almost constant, and there 
is therefore practically no economy between a 4*'^ X |" and a 9" X I'' or 
X section. For this reason troughing should only be used in 
deep sections and for long spans. 


Steel Troughing is an expensive typ© of flooring, and should general- 
ly not be used for spans of less than 10 or ft. 

A6utments*~BlrLt^ XXI gives full details for troughing. 

The design of the abutments is exactly the same as for Example 2, 


Example 4, 


Sem forced concrete slab decking contimiom over longitndinol Beinforcei 

concrete beams. 

, See plate XXIII and Chapter VI, para, 15, also Volume 1^ 
Chapter VlIL 
.Dead Load from metal == 7t) Ibs./sq, ft. 

Design of E. C. deckmg.^'Wov 18' roadway, span centre to centre of 
beams = 7^ 8'' and the beams will be F 4'^ wide plus 2'' batter* 

. *•. Clear span of slab =- 7' F 9'^ 

Effective span == 5' 9'*'+ depth of slab — 6^ — 6' 

.. From Table XIII, a slab will be suitable. 

From Table XIV, this requires diameter bars at 5|'' centres. 

The following details illustrate the method of calculation 
, Loads and Mo?nentB on decking.--^ from Plate XI, Case I, for cross 
slabs, the maximum live load bending moment from the rear wheels at 
the centre of the span 
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=5,600x2*8=15,700 ft. lbs. 

From Chapter V, para. 31, the effective width of slab across the slab 
span over which this is distributed. 

e = I (L+C)=f {6-25 + l*32)=5'05 ft. 

Live load moment per ft. width of slab. . 


M:__ 15,700 

e;::: 6*05::' : 


= 8,100 


ft. lbs. 


Dead Load of 6" metal plm 1^" earth =70 lbs /sq. ft. 
Dead Load of 61" slab at 150 Ibs/e ft.=S0 „ 

.* Total Dead Load 150 lbs. /sq. ft. 

. * . Dead Load Moment per ft. width of slab. 

X =775 ft. lbs. 


.•. Total Moment per ffc, width 

L M + D L M -=-8,100 + 775«=3,875 ft. ibs. 

As the slab is fully continous oyer the supports, the effeetive 
moment is |- of the above 3,876 580 ft. lbs. (or SOjDOO in 

■ibB.);: 

Design of deeking'-^’Evom Plate XXXI, as in Example 2, 


^ ■ Depth^of:yabd-=^.-^ ,:V::M^;:: :A;::/ -2,58BXife 

y''o. 

Adding to cover the steel, total thickness 

h == 6-20^' Say I 

Area of the steel required pbd = *0067 x12^'K 5*20’^^ I 

r=: *42 sq. in. per ft. whith. 

From Table XXXVII, this requires diameter bars at centres. 

As the slab is continuous* this amount of steel must be provided at i 

the centre of the span and also over the beams. Plate XXIII illustrates 
liow this is done, ^ - ‘ 

Bends in bars are made as shown on Plate XXXV., < 

Examblb 5 

Ueinforoed concrete Beam Bridge %oiilh iff sjmm 
See Plate XXIII and Chapter VI, para. 15, also Volume I, 

A nallah requires a bJidgc of 160 ft, clear opening 18' roadway, , , , i 
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The height from the surface of the road to the bed of luillah is 
15 ft., and the foundations are ealoulated to be safe against scour at 12 
ft, below nullah bed level. *.*. Total height = 27'0'^ 

The total height of the piers should be about as the depth of the 
beams plus tbe roadway thiclsness is about 6 ft. 

From Chapter V, para, 6, 


Eeonoraie span = 1|X22' 


4 spans of 40 ft, elear will be suitable. , 

E, C, Eesipi adopied,~l!he designVill be aceordiog to Plata XXIII 
and Table XXIV, from which full details for mating the working 
drawings can be obtained. 

This 3 beams design has bean chosen for its simplicity. A 2-beam 
design would require a much thicker slab and heavier and deeper beams 
with a very large amount of steel to arrange in them, 4 or 5 beams 
would increase the cost of form-work, would complicate the bending, of 
steel in the slab, and would I'equire more concrete and steel in the main 
beams, as against a very trifling saving in concrete and steel in the slab» 
The 3-beam design gives the best arrangement, both for design and for 
construction. . . ^ 

The following details illustrate the method of calculation and design;-**-* 
E, C* )iSW-“-Slab thickness, as calculated in Example 4, 6^'^ 

E, C, Beams — Prom table XXIV, total depth H of beam— 4' 4'^ 
Width of beam Q=s V 4'' ; 6^^ at slab, 

Position of bars F— 8^^, G-kS''. 

Depth to centre of steel, 

XT t? ® 1 f! \ if 




Span centre to centre of bearings. 

4 at t f t S \ ^ t 1 yy 


^ 40 '' + 




The centre beam will first be investigated. 

Loads and M(jme?d$ 07i Smw.—From Plate XI, Case II, for langitu^ 


dinal stringers or beams. 


Live Load Moment x ^ 










,L L M*^C22,400+ 16,400) 




5«S,19J00 ft. Iba 




' V 'VI 
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This is distvibufced laterally over a 10 ffe. width (Chapter V, 
para. 81), 

Hence on a 7' 3" width L.L.M. on beam=2,31,O0O.£fc. lbs. 

Dead load of 6" metal +1|* earth =70 lbs,/sq. ft. 

Dead load of 6|:" slab at 130 lbs,/e ft.=78 lbs,/sq. ft. 

.^-Total Dead: Doad . , 148 • - - 

Dead Load Moment 

; 

==3,31,000 ft. ibe. 


Load due to weight of girder below slab 

=3' 10’ Xl' 5"X150 lbs.=8l5 Ibs./lineal ft. 

W L _ 815X414X414 
B 


Dead Load Moment =" 


=1,75,000 ft. lbs 


Total Moment =L L M + D L M 

=3,31,000+ (2,31,000 + 1,75,000) =6j87,000 ft. lbs. 

Design of ieiEW— •Width of T beam flange 

or =(12 X slab tliiehness) + b' . 

=(12X64") + 18" =7' 9" 
or =distance centre to centre of beam.s=7' 3". 
Adopt 7' 3", which is the smallest. ■ 

See Plate XXXIII. 


K= 


M _ 6,87,000X12 


= 39 and 


t 


1L==.131 
474" ^ ’ 


= 10 ’ 44 " 


bd^ 87X474X474 d 

j =‘94 and compressive stress fo =400 lbs,/sq. in, 

.’. area of reinforcement steel required. 

_ }L =10‘85 sq. in, 

~ & j. d, 16,000X'94X474 ^ 

From Table XXXVI, adopt 6,bars of 1 J" diameter. 

=6xl‘227=7-862sq. in. 

. +2 bars' of If" dia.=2xl‘485=2'970 sq. ia. ‘ . 

Total 10’3S2 sq, in. 

Width of beam=(3xdia of bars) + 4"=8'’, but should not fee less 
than 4^ of depth. Make 16." 

The bars are laid in 2 layers with an interval of 3", the top layer 
eonsisting of 4—14" fears, s-iid the bottom layer of 2 — IJ" bars and 
2— ir bars. , 
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3'^ of concrete will be given above and below, to cover the bars and 
the stirrups (see below.) 

The bars must be securely wired in position, with spacing blocks 
of cement concrete between the 2 layers and the forms. In the top 
layer 2 bars will be bent up at ’26 X 4/' and 2 at *15 X 

from the centre of the bearing or (adding half the bearing length) 
11^ and 7' O'' from the end of the beam, respectively. 

Using table XXIV and Plate XXIIl, the above details are obtain- 
able without ealculatiom 


Notbs — I t should he noted in regard to the design of the T beam, that it might be 
mado'nmoh aballower if this were not precluded for practical reasons vis. — economising 
in steel, avoidance of the diffoulties attendant upon placing large masses of bars in the 
beam, and the necessity of providing a sufficient area of concrete to resist shear. 

Thus for a shallower beam, in wliich kd is equal to or less than t, 

M 

using the results on Plate XXXI. as in Example 2, — 

whence d==S0", and area of steel= 16*4 sq, in., which would neces- 
sitate 8 bars of diameter. 

The shear would then be about 134 Ibs/sq, in., wdiereas 120 lbs./ 
sq, ill is the maximum shear permissible 

S/miT — From Plate XI, Case II, for maximum reaction, Maximum 
Eeaction of Live Load Shear from Eoacl Roller, " : . 

=2M00 +(lMOO X )*S4,100 1^^^ 

This is distributed laterally over 10 ft. (Chapter V, para, 31). 

,\Live Load Shear=— — =24,700 lbs. 

Dead Load=(148x7*2.6^)-b816 lbs 
= 1,886 Ibs./lineal ft. ‘ 

.'.Total Shear=L. L. S. + D. L, S. 

=24, 700 + 39,200= 63,900 lbs. 


.'.Live Load Sbeaj 


Dead Load Shear : 


=34,100 lbs. 


=24,700 lbs. 




Shear per sq. in f^ 
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Shear Ueinforcenieni , — As 60 Ibs./sq. in. is the maximum shear 
allowable in a beam unreiaforced for shear, this beam will require 
reinforcement. 


Assuming that the concrete carries 4- and the bent bars I* of the 
shear, half of the shear is left to be carried by stirrups. This assumption 
is very much on the safe side, bat it is adopted for the, purpose of getting 
practical diameters for the stirrup bars, which besides carrying the shear, 
haya to eonneot the flange to the stem of the T beam. 
s--=:spaeing of stirrups ia inches 
Tensile stress on the steel fg =1^,000 Ibs./sq. in. 

Area of one leg of stirrup 

fxl/xs S5xl7''xlO» on • 

= ^ -30 m. 


Using Table XXXVII, f" stirrups at centres are required. 

This spacing will be continued from the end of the girder to 

^ -10' — from the centre; from this point the spacing 


4i 4 < , 

may be SO" to the centre of the span, as the shear decreases from a maxi- 
mum at the bearing to nearly zero at the centre, under a moving load. 

The stirrups are bent U slmped with their ends hooked over two I'*'' 
diameter bars, and are wired to the main reinforcing bars. 

Gmder ofimms , — The camber to be given to the beams 


240 £40 "" 




Using Table XXIV and Plate XXIII, the above details are obtain- 
able. without calculation. 

i?^<zmiy,9.~Thickness of cement concrete bedstone 
K=:=|XU 6" = I' 0" 

Two bearing plates will be provided, each plate securely fastened, 
one to the girder and one to the bedstone, by f'' diameter countersunk 
bolts the plates to be finished smooth on the sliding surfaces, 

A vertical end slab J, 9" thick, will be provided, rein- 
forced as shown on Plate XXIII. This should be moulded with the 
beams, 4n order to retain the bank behind and brace the beams. The 
under-surface of this end slab will be I" clear of the bedstone. 

AhUmeaU. — The abutments will ba of lime masonry, with face 
vertical, according to Plate XVII, Type I* 

Beam seat a==S£", 
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Thickness of bedstone= X — 4: 
Height from ground level to surface of road 


40' 

60 


=1 ft 


- Tliiekness of abutment.at ground level 
*40 h= ’40x15=^6*^ ’■ 

Depth of foui[idatioBs=12 ft, . 

;^Total:;height of ahiitmeot H— ft - 

^ -Projection of toe 

; Hence total width of base 
= *85 H it is satisfactory, . 

The height at which the toe Joins the vertical face must not be less 
than r 9''x2=5' 6" 

To find the approximate pressure on the foundation at the toe 
Projection of toe 9* i B 

•4oir“~ ^ “ 


= 2*7'. 
6'+ a' -9'' 


Say 2' ,r. . 

8' 9^'. As this is about 


„ From Plata VI, for T 


40X27' 


4 


. f s=s*48 p. 


toe pressure. f5=:*48x 280 H 
==^4‘8x280x27=3,000 Ibs./sq. ft. 

The toe pressure will probably be increased to about 8,500 Ibs,/sq, 
ft. by the weight of the bridge. As the foundation material can take 
2 tons===43480 lbs,/sq, ft,, the pressures are safe. 

The pressures can be aceurately calculated by the method illustrated 
in Chapter IV, para 1 1 « 

The abutments will be arranged with 45^ splayed wing w^alls as 
shown on Plate XVIL The wing walls will be designed . to fit the 
abutment in accordance with Chapter VI, para 6, 

Piers will be of cement masonry 
Plate XVIII, Type I, 

S 


in accordance with 


Cap thioknessr 




- t „ 


s 


m 


60 ~ 

~sf 4 .™!®. 
-y. rit 25:: 


60 


=r. 


=a-35' 


Width of bearing, K 
Hence top widtli, of pier for 


ifjijgftss 
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This thickness will do for a height of 
6x3^ r == 18' CA 

Below this level the pier will be stepped out to suit the width of 
foundation necessary at safe pressures. The width of the Base will be 
approximately 
H ^2^ 


8 

Load on Pier Foundations 

Live Load as for Shear ^ ... = 

4* Dead load from 6^' metal and slab, say 20^ wide to 
allow for kerb — 20^ (width) X 43^ (ength) 


X 150 Ibs./sq. ft. ,,, 

4 Weight of beams = 

8 X 43' X 815 Ibs./ft. run 

Load from Bridge 
4 Weight of Pier (approximate) 

Total load 

Area of base required at 4,480 Ibs./sq. ft. 

= =14e sq. £t. 


34,100 lbs, 

=1,39,000 lbs. 

=1^05,000 Ibsj. 


=^,68,100 lbs. 
.3,60,000 lbs. 

=6,28,100 lbs. 


A base 5' 6" wide by about 26^ long is sufficient. ® 

The straight part of the piers will be 16' 6" longy with cutwaters 
beyond,, as shown on Plate XVIII, 

The beams, kerb, and handrail must be free to move under tempera- 
ture changes of length, and must not interfere with the abutments or 
ad joining parts ; an allowance of 1'*^ movement for every 100 ft. of 
adjoining span is sufficient. 


Example 6 , 

40' E. S, Joid sjxms with reinforced concrete floo74ng. 

See Bate XIX and Chapter VI, para, 10,.. 

Eoadway 18' wide, 

6" metal, on 1^^ earth cushion. 

Take the same data as in Example 5. 

Height of pier will be about 24'. 

Economic span=l| x 24'=42' (Chapter V, para. 6.) 
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4 spans of 40 ft. clear to provide 160 ft. clear opening, will be 
■■suitable* 

The design will be according to Plate XIX, from which full details 

for making the working drawings can be obtained, 

R.C* Flooring , — In this design the 7 R S. Joists are at 3'' centres; 
they support a 6^^" slab designed and reinforeed as simply supported. 
This avraiJgemeut requires no bending of steelj. at a cost ' of a slab 
thicker than if designed and reinforeed as eantinuoiis. 

The close spacing of the li.Se Joists should mm inize any tedency 


of the slab to crack over the R. S. Joists, and agt the deflection of the 
slab win be very small, and the load is applied through a 7A" cushion o£ 
sarfaeing material, no trouble heed be anticipated from this' 

If 3 or 4 beams were used, the slab spans would require to be rein» 
forced for cotitinuity, necessitating extra labour for bending and placing 

Tli 0 cross floor slab should be designed in the same manner as in 
Example 4, with the difference that it is simply supported. 

The details can also be obtained direct from Table XIII. 

Prom Table XIV, diameter bars at 5|" centres, placed with their 
centres P' above the bottom of the slab, are required for the 6^^'" il. C. 
Slab. 

i?. S. Joist,s,~EEet^tiYe span =Sq-(44- 

Zoads and Mommip, — Prom example 5, the live load momeiit for a 
IS-tou road roller on a 411' span —3,19,000 ft. Ibs; (See also 
Table XII,) 

This is assumed as uniformly distributed over a 10 fc. width of 
bridge (Chapter V, para, 31). 

Hence the live Load Moment for one R. S. Joist = — 

spacing = =98,250 ft. lbs. 

Dead load of slab and metal = 150 Ibs./sq. ft. 

Dead Load Moment for one .R. S. Joist 

Bead Loiid Moment from weight of 11. S. Joist (assume 75 lbs. per 
lineal ft.) 


spacing = 


=99,700 ft. Ihs, 


75 X 41^ X 41| 

gililliiillis 


16,200 ft, ibs. 
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Total bending moment on one R.S, Joist 
=98,250+(99.700+16,300)=2,14,150 ft. lbs. 

Design ^ Jbfsit.—Section Modulus— ^: Z 

==162. 

A new British Standard Section E,. S. Joist 2*2" X 7^^ @ 76 ibs* for 
which Zs=I52, will do. 

B€imngs,~li%i\g^\\ of Joist on bearing 

Thickness of bedstone— f K=8^^ 

The Joists will rest on bearing plates on the bedstone* The 
outside Joists will haye one anchor bolt in each end, with the hole slotted 
in the Joist flange. The spaces on the abutments between tJio Joists 
will be filled with cement masonry laid on tar paper to allow them to 
move with the joists, 

A 2|"X 2"x J'' aiVgle iron spacer will be proTided at the 
centre of the span, tying the bottom flanges together, 

ILC. Slab BemforeemeuL-^The reinforcement bars are kid directly 
on the B-.S. Joists flanges. Alternate bars are turned up into the kerb, 
and every 7th bar has both its ends hooked around the flange of the 
Joists to prevent them from spreading, ■ The bottom of the slab is 
below the top’i of the R.S. Joist flange, 

AhifmenU ami Piers *. — The design of the abutments and piers is the 
same as in Example 5. The straight part of the piers will be 18^, kag, 
with the cutwaters projecting bejond. 

Example 7. 

R, S. Jmst Sjdice. 

See Plate XIX and Chapter TI, para. IS. 

A splice for a @100 lbs. E.S, Joist is to be designed. 

Section Modulus Z — 22L 

b width of flanges in ixiches, ^ 

d s=depth of Joist. . . 

t —thickness of web of the joist in inches, 
r — resistance of one rivet in double shear or in bearing io the 
flange* , - ' ' 
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Tluckneas of plate on each side of flange 
5 X Z 5 X 221 


77". 


■" Sxdxb 8 x 24 ."x 7 i'' 

Use f" plates and make the top plate 8" wide. 
Thickness of plate side of web . 


Number of rivehs in eaeb flange on each side of .splice— 
7| Z- 


= 14*6. Make 16. 


■ ::''d X r,;/. £4x;4*8l 
r== 4*81 tons for a diameter rivet hand riveted. The pitch is 
for rivets, ^>./total pitch — 4X|?^ — 

total length of flange splice plates 

==16 X 3r=4ft. 8^ 

The web plates must have £ vertical lines of rivets at pitch 
on eaclr^side of the splice. 

EsAMPLia 8. ' 

Maso?nj arc A Bridge with 25* .^pam, 

' See Plate XVI and Chapter VI, para,.. 8, 

18^ roadway. Hammer dressed voussoir stone in lime arches. A 
clear opening of 100 lineal feet is required. 

The height is limited, therefore an arch of low rise will be required. 
Span 


Make Eise 


Hi 


The height from the surface of the road to high flood water level is 
SMO'^, to average bed level 14'' 6'^, and to the bottom of the foundations 
50^ 6^^ The height from the ero#n of the arch to the foundations is 
about 17^ 

For economy, the span should be greater than 17^ and ^should be as 
large as the headroom will admit. 

When drawn to scale 4 spans of £6^ seem the most suitable* 

6^ spans of 16' 8'' or 6 spans of £0'' would introduce extra piers, and 
would cost more for eseavation and pier masonry, besides causing 
greater obstruction to the stream. 

As the headroom is limited, the clearance of the arch above observed 
high flood leva! should be the minimum allowable, , 
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As X is plus, the springing should be 4'' above O.H.F.L. or (S’OO-i* 
•33 )=j 6' above averags bed level. 

All the information necessary for making the working drawings is 
gived on Plate XVI, but to illustrate the equations they will be worked 

,outV;" .. 

Arch Radius of arch rings, 

3i3 


E 


(Plate XVI, Equation 2) 


==18-I25' = 18'— ir 

zXo 

Basie thickness or depth of arch ring. 


, (Plate VI, Equation's) 


“ /iMa5.t»i5 a., i-sy. 

This must be multiplied by IJ for Hammer Dressed Voussoir stone 
in lime (see item 15 of table on Plate XVI.) 

C=»(l-69X]i)=212'Say 2'ir. 

Abutments — Thickness of abutment at springing 
R , r 


E 


5 

18-125 

.5 : 


10 

5' 


+ 2' 


(Plate XVI, Equation 3.) 


+>^ + 2' == 6'2" 


Back batter on abutment n > 
4-8 


24 r 


S.: 


24x5'- 

v;,.‘;25' 


®4’8, e., batter 


or 2| in horizontal perft. Tertioal.. 

Thickness of footing., which will be of lime eoncr 0 te~S' (Item 22 

^piat6:Xvi):;,l;>v;v;:;::|:^;iv;'^^ 

As the springing is praetieally at water level in this case, the height 
of the abutment above the footing is 12' — 3' =9'. As this is not more 
than 1 1 E =‘^9' 3", E does not require to be increased. 


■■:D; ;.jj . . V:- 

6' +2' 2* 


Of 


(Plate XVI, Equtation 6) 
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The load ou the abutment per lineal ft. 

= 17 tops (item M, Plate XVI.) 

Por H== S/ 

Width of abutment 

=6' +1'6" for footing projections 

_6' r+ 4^ 4* 1' 6" =9' 7" 

Load per sq. ft. ==1’78 tons/sq. ft. 


But H=S— 8' 

and the weight of 8 ft. mosonry 

8x150 ^ , jn. 

, =-8^= W-i £fc 

• average load per sq. ft, — 1‘78 — *54 
—1*24 tons/ sq. ft. 

This is safe as the pennissible pressure is tons/sq, ft. in this ease 
Top thickness of pier = 3' (Item 19^ Plate XVI.) 


Bottom width of base= ~”— — 


Height of pier above the bottom of the 3^ thick footing = 9 ft. 

This is less than 8 times the top thickness of 3^ 6" (=10' 6^'). 

the footings need not be carried up higher in steps, as %vould be 
■Me#ssary;ptherwise.-; 

Load on pier foundation per lineal ft. = 21 tons (item 28, Plate 

Load on whole pier = 21 tons X 20' width 420 tons. 
Approximate area of pier foundation. 

=(6'x 29)=174 sq.ft. 


.^Joadper sq, ft. 


-2*41 tons/ tons/sq. ft, 


This would reduce to about 2*2 tons/sq ft. when the 8 ft. height of 
pier is dec! acted, which is safe for a permissible, load of 2| tons/sq. ft. 


MQte $ — These calculations for loads on abutment and pier foundations are Very 
approximatoi but they iudieate quickly whether the foundation pressures are safe or not.^ 

If the pressure do not thus appear safe accurate calculations slioxild be made, Bnd the - , 


. , r.' 
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Example 9* 

Meinjvrced concrete ojnen ^mndrel arch bridge with 100 foot s^aiis. 

See Plates XXVII and XXVIII, also Chapter VI, paras. 22.87, 
and Volume I, Chapter VIII. 

Roadway IS"" wide, metalled* 

P. Q, Concrete 1-2-4 j lower part o£ piers only omy be 1-21-6, 

All steel to British Standard Specifications. 

Lire Load : — For Floor and Spandrels — 12 ton road roIler-pSS per 
cent, impact. 

Live Load For Arch Ribs -^140 Ibs./sq. ft, of roadway (Chapter 
V, para. 81.) 

Rise of areh=25 ft, 

2 arch ribs at 18 ft. centres will be used per span 12 spandrel panels 
each 8^ 7^^ wide will be used per span. 

No^e.— Sufficient details are given in this Example to illustrate the' special method 
of design and the methods of calculating and designing such reinforced concrete bridge 
work. Details not -worked out here should be calculated and designed by the metho<|s 
described in the relevant parts of this Handbook. Plate XXTIII gives all necessary 
working details for practical use, to be amplified and adapted as necessary to suit 
individual cases. 

Flooring. 

Moor Stabs. — The slabs are semi-continuous at expansion Joints 
elsewhere continuous. For simpHeity in construction, the flooring will be 
taken as semi-continuous throughout. 

Clear span =,8' 7'^— width of floor beam 

*==5 8^ 7^'— r 7' 7^ 

From Table XII, by interpolation, for a 7' 7'' span, thickness of slab 
(simple «.<?, non-continuous) or 7 (continuous) 
(semi-continuous), 

From Table XIV, reinforcement bars of diameter at 6 centres 
will be suitable. The bars will be bent up as shown m Plate XXXV. 
For temperature reinforcement, bars at 2^ 2'^ centres wi|i be giveo^ 
across the slab* 

Floor beams* 

Moor Interval = 8' 7". 

Spans I — Centre 'Span 18^ 
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Roadway cantilever spans each 2^;' at the two ends, 
Loads and Dead load per lineal ft. of span 


roxs- 


12 

8FXI5Q ^g_ 


J2 


12 


=wfc. of metalling ... ... 

d-wt. of floor slabs 

=600 + 885+200 for floor beaui= 1,685 lbs. 

Normal D. L. M. on oentrc span 

o ■ o 

L. M, OB eantileTor (minas), 

=for roadway g — =» — — :==s5 ,^7 0 f,t. lbs, 

+ for bandrail, wheel guards and canfeileFer, 

WL=(400X 8-~) X 3'=10,300 

=5,270+10,800=15,57.0 ft. lbs. 

•% resttltant D. li. M* ob centre span 
«=S5, 600—15, 570:^=^0,030 ft. lbs. 

From Table XIII, live load per lineal ft. of floor beam=2,JJ40 lbs, 
Jji L, M. on cenfc.re span 
WL ^,^40X18X13 .nn ir. 

Q O 

and L. L, M, on cantilever (minns) 

7,000 ft. lbs. 

.■. total moment on centre-span 

=20,030 +47,400=67,480 ft. lbs. 
and total moment on cantilever 

M2=D, Xi, m,+d, l. m. 

=~(16, 570+7, 00)=22, 570 ft. lbs. 

End shear on centre span 

W _ 1,685X13 


V=from dead Ibad 
+from live load- 


2 

W 


+0,960 lbs. 


2 


2,240x13 


+4,600 lbs. 


=25,550 lbs. 


illi 


"<1 
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End shear on cantilever. 

V=dead load from imdway==W===l5685x2|— 4)200 lbs. 
-f dead load from handrail 


and wheal guard=’Ws=s:400x8- 

4- live loadK==:'W?=25£40x^^ 

= 13,340 lbs. 

Dmgn of Floor >-heams Cenire span.-^ 


13 .. 


=3,440 lbs, 
=5,600 lbs. 


-For the centre span of the floor 


beam 


Prom the eqntation 
Unit shearing stress 


V 


■ Ibs/sq, in. 


jb^d 

Minimum safe cross sectional area for the centre span, against an 
end shear of 35,550 lbs, at 130 Ibs/sq. in safe shearing stress, 

V _ 35,550. 


V d 


s383 sq. in-. 


jXf^ *91X130 

A suitable section will be - 

h=34", so that d=:34/'~3''=23'' 
and b'Xd=243 sq* in. 

This section will be economical, as the depthssabout f span. 
For the design of the T beam, see Plate XXXIII* 

l)= — 1 — =39® (as this is the 

M _ 674,80xia 


bd^ 

t 


39x32x^3 


=4S. 


•37 


d aa 

neutral axis is in slab, and from Plate XXXIII the unit com.' 
pressive stress in the concrete. 

fo s=400 ibs./sq. in. approx. • - . ^ . 

’ Cross sectional area of reinforcement bars in centre span. 

M _ 67,430X12 _'«,«• 

4 bars of I" dia. will bC suitable. : "• 

The bars will be bent up as shown on Plate XXXV. 
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Necessary width o£ beam 
*•. 11'' width will be suitable, 

Stirmps.—A^ the shear stress^approx 120 lbs*/sq, in., U stirrups 
are necessary* 

Assuming that the cosscrete and the bent up reioforcement bars carry 
half the siiearj 

End spacing of. stirrups, 

-4-=Say6" 


Cross sectional area necessary for this= 


=*6S sq. io 


With stirrpus IE" apart. 

Tension in one stirrup 

^ "y:: <1: 

7 600 ^ 

Cross sectional area necessary for thiss=: =*6S sq. io 

or *32 sq» in for one arm of the stirrup. 

The Spacing should be to depth of beam. 

From Table XXXA^IT. . ^ 

Stirrups of I" dia bar, at V centres, will be suitable 
Stirrups will be given at this spacing on the outer thirds of the IS®* 
span I stirrups will be given in tiiq centre third, at 12" centres for 
safety, although they are not required theoretically. Exact spacing 
according to the shear would save about 4 stirrups per beam in this 
case, which is not worth consideiing". 

CantileMY S^mn — For the cantilever portion of the floor beams / — 

j =:3*88 as for slabs the tension being in the top and the com-* 
pression in the bottom surface* 

End shear per sq, in* 

Ibs./sq. in. 

'-As tlie shear stress is over 60 Ibs./sq. in. . . , ' 

3'; V:3fe'w^ps:;wiil;he;«eees^it 

For moment . :... 

S':"-' 


=62 Ibs./sq, in. 
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iliiii 




concrete stress = S50 lbs./^?q. m appim. 

Cress seotional area of reinioreemenfc bars 

® jdf» .88 xiiax 16,000 

bars of dia,. wall ;be suitable | . tbese' must b©' continued;;' 

tbrougli tbe o;uteiv:faurtli’ p£ llie Centre, span ■ 8J^), 

The bent up pair of reinforcement bars of the centre span will be 
stopped beyond the supports, ^ ^ 

Expansion Joints, 

See ' Plate 

' MTpannbii Joints will be provided. & the fiooring 

system, at the abutments and piers, by giTing double floor beams sliding 
on plates on the tops of the spandrel columns. Details are giv'en on 
Plate XXVIII. These end floor beams are designed similarly to the ; 
intermediate beams dealt with above, with the necessary modifications ; 
■■ shown.'-"'' v 

Spanuebl Columns. 

See Jolmrn:!, CUi^iet Till. 

Spandrel Columns . — Load on spandrel eoluma. 

—load from centre spaa of superimposed floor beam (equals 
end shear thereon). 

+load from cantilever ( ditto ). 

+load from arching between columns. , ! 

+wt. of spandrel eoluma 

550+18, a40+(say) 900+(max.) {18'xa05) ; 

==^43,8^90 lbs. ' ^ 

Outside dimension of spandrel column should not be less than ^ 
length of column. 


18 ^' 




■ /.Minimum cross section of end column (18Mong)—-j^ 

The remaining columns may be IS® square, chamfered 8^ on thi 
Concrete cross sectional area of column 


ii 
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1 per cent, steel reinforceinent=l‘26 sq,, in. 

4 reinforcement bars of dia. will be suitable (aiea=l 76 scj. in.). 
|•"binderswillbegivenatl2"centres. ' 

The steel area is ec[uivalent to a concrete area 

total eq;uivalent concrete area of eolumn==lS6+M'6— 150*6 sq, 
in. Say 160 sq. in. 

For a safe load of 400 lbs,/sq. in., a column of this size will carry 
160X400=60,000 lbs. 

The load being 43,390 lbs., l^Xlii" columns will be amply strong • 

(@Bd columns 14/' X 140- 

Columns over For architectural reasons, spandrel columns 

over piers will be of the following dimension at the base, tapeied up to 
the normal diihehsions : — 

Width parallel to length of bridge=2^. 

(=the distance between the upper edges of the arch nbs at the 
springing). 

Width across the bridge==3'4'‘' 

(=the width of the arch rib). 

Arch Eibs. 

Arch Tttb.—K rough preliminary calculation indicates that ribs %% 

' deep X 40'^ wide at the crown and 36" deep X 40" wide at the spiinging, 
will be suitable. 

Dead Load . — Dead Load per rib. 

At Crown 

=wt. of 9' width of metalling. 

•^wt, of S^" floor slab , 

4-wt. of handrail, whaelgnard, and cantilever 
+wt. of floor beam 
+wt. of spandrel arching 
, -j-wt. of spandrel column 

-j-wt. of arch rib 
' 4-wt, of 4 rib braces 

1X11X151X150X7 


8t^j-X144 


=(9x70)-i-(9xl03)+(say) 4004- 

(Say) 900 , 22X40X150 4 x 44^ X1^X24x150 

144 '100 

=6304-9274-400+1474-1054-04*9204-91 
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Additional lood at springing. 

=^or spa!idrel eoliimn (if at end) 

4'for increase in dimensions of areh rib 

=@ 185 Ibs./Iiu. lbs. 

. 'V,, ' ■■■ 


:l4^X^Xsee:^#Xl5a' 


=5S3Xsee 



where /3=:=ine!ination of springing line to horizontaL 


» approx 


.4x 25 
100 



additional load at springing 
=say SEO-f 583 see /3 
=520 + (583xL4<l) 

—approx I 534 O lbs,/lin. ft. 

N. B . — Local differences in construction at crown and spriag-ing .wMeli are not 
common to the construction between crown and springing slxouM not bo included in- 
these dead load, 

hive Load, — LIto Load per rib @ I 40 Ifes,/s^* ft, 

' — 9X l^iOssljSOO lbs. lineal ft. » 

Curve of Arch Aivis — As this rib 1ms a large rise the rib axis will be 
laid out for dead -P | live load. 

Hence (See Chapter VI, para. 80 and Plates XXVII and XXVIII) 
Wc will fee taken a-s . ^ ^ . 
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Hence/? tan 100x100x6.35 ^^®^'*'^® 

=tan -n-05o=46°3^' 

and Sec. /3 = Sec 46°Sa'=l'45 ' - - 

,■ ■; r ■^:V:.^ /•:■ :635:\ v ^; :-'::;a:5O0., :'J , : , =■ : ;■ 

■\v , :'r- ;Prom'.tliis'' e^uatioB'j" for ^ 

' x==!0' 20^ 30^ UV 45' 50' 

y=-945' 3’8F, ' 'S-eS' ;. 16‘68'' 20*02',, ■ .25'' ■ ' ^ 

Sh'mes 0/1 B?'ia,~Th 0 iidditio dead load at the springing 
must now be corrected to agree with the more correct \^alue ol See. ^ 
"1*45. " 

. It then ■ 

=5204*850 approx, 

=1,S70 Ibs./Iineal ft. 

N. Thiy will produce the same result for ten jS when adopted in the calculation 
lor the arch axis ourTej as small places of decimals only are affected therein. 

The stresses on a rib will now be ealeuliited, using ec|utatioiis 10 — 26 
(Chapter VI, pam. 32 and Bate XXVII). ^ 

In these equation (see Chapter V, para. SO.) 

, Wo 5=3,2 20 Ibs./iineal ft. ' 
w, = 3’gS0+ 1,370=4,590 Ibs./lineal ffc. 
wa 4,590 , 

w= 1,260 lbs /lineal ft. 

800.^=1*45 r=25'' L==100' 

Iic:=:=22"=1“S3' 1is==36^'=3' 

b=40"=S*8S' 

r=+ao®p 

Percentage of steel reinforcement in each face not less than 0*5 per 
cent. 

The results, calculated by slide rule, are tab ulated below ; 

Horizontal Moment at 
Thrust Crown 

Foa ■' 


Moment at 
Springing 


Shear at 
Springing 


(1) Bead Load 

(li) Live Load for ± Mq 

(Hi) Lire Load for 4- Ms 

(ir) Lire Load for —Ma 

(?) Temperature changes 
(using ho) 

(ri) Arch shortening 

H,=l,7g,SOO + -^|^- 

+ 4 , 450 — 2 , 08 , - 250 ) , 
(rii) Lire Load or^r whole 
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The crown and springing sections must be designed to carry the 
worst prolifible coinliination oF stresses, the resultant eoiBpressi?e unit 
stress 4 not to exceed approx. 600 ]>)s./sq, in. for net load results 
(i), (ii), (ill) and (iv), and not to exceed approx. 750 Ibs./sq, iu» w-heii 
allowing for temperature and arch shortening alterations (v) and (vi), 

of Crown SecUo^t . — For the Crown Section 

Take the combinations of eorit^sponding values giving tbe greatest 
stresses from the tabulated results a.bove. 

Por dead load+live load exeentricity of thrust from arch axis. 

^Moment M,. 7,900+1,15,000 


Thrust 

1,2:1,900 

'2J):3,SOO*^ 


• H “ 
*606' 


‘+72,800+31,500 


From Plate XXXIV, for *5 per cent, steel in caeli face and 


M-y 


b h ^ tv 


*127 


*. compressive unit stress + 


Ibs./bq. m. 


Allowing for temperature changes and areli shortening (the positive 
values for changes in M^, combined with the corresponditig negative 
values for changes in H, obviously give the worst results) 

M, 1, 22, 900+(27, 750+11, 200) 

® TT == a,G3,800~(4,460-f },?90) 

1,61.850 


1,97,560 

Siiiif ■ 


■82' 


•448, 


Hence, from Plate XKXIV, 


M 


b h " f„ 


■181 


1,61,850x12 voKii, ( • 




m 
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which is pear enough to the safe stress of. 750 Ibs./sq. in. 

Design of Sprmging Section . — for the Springing Section - 
Take the combinations of corresponding values giving the woist 
''stresses iroffi.; the " tabulated 

¥or dead load plus live load. 

18300+SJ5,000 ■ 

3,83,800 i.nof 
~ 3,';>r3,000 ~ 


Henoe from Plate XXXIV, 


h k ^ fo 


33,800 X IS Tt.„ .•_ 

40XS6-X-128 


=600 approx. 

Allowing for temperature changes, to gire the worat results 


M, 3,33,800+83,300 4,17,100 
T, V 3,23,i[)pO+S 


=1-28' 


Hence from Plate XXXIV, 


-hh^t. 


4,17,100x12 

40X362X-18’ 


=742 Ibs./sq. in, 


=760 approx. 

Dwismioits of AxcJi tlib.—Ks the stresses at both erown ancf 
springing are satisfactory, the rib section assumed, w., 22*^' deep X 40"' 
wide at tlie crown and 36" deepX40" wide at the springing, jviU be 
adopted. (It is to be noted that several trials had to be made, before 


iliillili 
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Tide plate XXVII, the ileptbs of the arch rib at quarter points 
along its axis from the crown will be 2 
’89hc+-llh3;==(*8'9X'22)q-(^ 
*78hc4“‘22h^==(-78x22)4-{-22X;S6)’=^ 

, ■ ; vsohc .. ‘ 

. 'Steel 'Remformment.^Kx^^<)t steel, reinforcement at iSowii , 
As'^pb(]'=-,*00-&^ 

Yule Table XXXVI, use 6. bars of ^^cl!aviB, each face.- , 

Area of steel reinforcement at springing 
■: As=-pbd==:*500x40x86' ',' 

■ '■ 7’2 sq. in, ■ , .'^r- 

Use 9 bars of dia in each face, L strengthen the reinforcement 
at the springing by 8 additional P bars in each face. 


These 8 bars will be stoped at~ !j ~ ^ - —10 ft, above the springing 

All of the arch reinforcement bars tnust be carried down welHnto 
the abutments and piers, in order to develop the moment occiiring at 
the springing. In this example (see Plate XXVIII) the reinforcement 
is continued to the footings of the piers. This is not essential, but it 
is desireable as strengthening the piers at small additional expense. 

The main bars will be from the surface. No additional concrete 
is necessary to cover the bars, as is required in beams. 

' The arch rib main bars will be bound at 18" centres by diam, 
wire hoopine. 


All splices must be staggered and the bars lapped and wired for 50 
diameters ; the ends of the bars must be hooked. 

DetaiU of Beupi , — Full details of the design are shown on Plate 

Setf>hiq out the '^AfcL — See Chapter VI, para, 81, and Plates XXVII 
and XXVilL .. . 

The arch axis is set out by plotting the values of x and y found 
above. Additional co-ordinates can be calculated and interpolated* 
In this case a 8 centered curve wOl be found to fit well over the points 
so plotted. The change in the radius is at 20 ft, from the springing or 
80 ft, from the crown. 

From Plate XXVII and Chapter VI, para, Sb 


r -o '(ad)^ + (bd)^ 
The centre radius 


(Equation 4), 


iililiiii 




802 4 . 8*682 
2X8,68 


*56‘2ft. 
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Sill 0 


"IT 

so 


(Equation 6). 


56-2 

cos@ “ Sis. 
The outer radius R^ : 


'53i=s3n 32° 17'. 


(ef)“ + (e(1)® 


(Eqiitation 5). 


2 (ed COS0 — e£. sin 0) 

2 [(1 6 S3 X'845)— (iiOx '534)1 

The diag'ram on PKit-e XXVII lllusfctates how the positions of the 
centres arc fonnd. The areh axis having been, set out, the arch rib 
thielvnesses or depths as eaknilaiecl above, will be laid off at 4 equidistant 
points along the areh axis. The centres for the intrados ami extraclos 
curves, which will be equidistant on each side of the arch axis centres, 
will be found. by determi?iiiig their centre and outer radii by trial and 
error. Jn this ease, it will be foaiui that these centres will come about 
2 J ft and 8 ft. on each' side of the arch axis centre. 


Alien Wtb Bkaces. 


Jrcii l^ib Braees^ — Tlie Arch Eibs are columns, and require braces 
between them at intervals not exceeding 8 times the width of the ribs, 
in this case at intervals not exceeding 8x40^'— 26'S^'. 

The width of these braces parallel to the arch axes should be ap« 
proximately the same as the mean depth ef the arch ribs, &. in this 
ease their depth should be not less than distance between 

the arch ribs, in this case not less than y^-^x 1S'=P 8'' approximate 

The actual spacing of the braces must conform to the design of the 
bridge. Braces opposite alternate spandrel columns, «, <?., 'Jt intervals 
of 21^, will be suitable, of dimensions 2' 6^^ wideX 1' S'' deep, and re** 
inforced with 0-5 per cent, steel in each face. 8 bars of f'' diameter 
.yrili be suitable for the reinforcement ; these bars will be carried across 
both arch ribs. Braces are not required at or near the crown, as the floor 
beams and flooring here brace the ribs sufficiently. There will there- 
fore be four braces per span two on each side of the crown (see Plate 

Wmj> PnESsTOU. , 

7Find Premure, arch need not be investigated for wind pres« 
sure, as the vertical surfaceds so sma 11 and the dead load -proportioiv 
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■iss:' 


=3' ^5 ffc. approx, above the centre of the springing* 


atelj so greatj that wind pressure will clause but negligible alterations 
in the' stresses, ■ 

V ■ Rees AND Abutments,' - 

Design of Piers»—i\\B^ top .widths of the piers wdll be nmde=^Sii^^ 
2 = 6 ft .5 with a side batter' of 18 over. 1 to the foundation, ■ ; 

Ill tins, case,'. the.lioidsont^^^^^ on .the ..pie.r line to^ dead loaclj ; 

'teinp'eratarechapg.^^^^^^^^^ arch:, shortening, ^ 

The design will therefore be tested for dead load and the most iin* 
favourabie ease of live load. The latter oceui^ under the eonditions 
catered for in item (iii) of the tabulated stress results, in which the 
positive moment at the springing Mg gives a horizontal thrust H of 
, 50,500 lbs. j this acts at a. distance ■ ■ ■ 

, Mg :.'.3,15000 
H 50,500 " 

The total vertical load on the pier, from one arch rib in each span 

==Dead load from two spaas. 

+ Live load from one spaa. * 

• +Weight of spandrel column above pier. 

4 *^^®ight of portion over the pier between the two arch axes. 

- ==£Vs (item (i) of tabulated stress results) 

+Vsfor+Mg (item (iii) of tabulated stress results) 

~i-x3|x8jx 150 lbs. approx, 

=-(axl,83,500)+^5,200+lMOO+8,700 - . 

=4,13,000 lbs. approx, 

Exeentrieity of resultant force on pier from centre of pier. 

Live Load Moment M„ 


Vertical Load 
3,15,000 ft. lbs. 


76 ft. 


4a3,0OO lbs. 

As the pier is 6 ft, wide, the resultant force acts within the middle 
third, which is satisfactory. 

Consider the unit stress on a .section of fche pier 6 ' wide X 12' long. 
Load 


Direci; stress=; 




bxd 

4,13,000 
' 1Fx6 


s 5,700 Ibs./sq.£t, approx, 



12i 


; ifiLimEX;:'BNaiHBBa''SEE¥ie 'Hatobooe:.^ 


Bi&raiiee io , stress . on aceoaot of .exeentrieifcy' 


■“bXd- 

;,e:x ^3,15,000^ 


::l,400- 


i2xr>-^ , 

; —iOjldO il)s.^qi^^ ;■ 

70JI)s./sq.iii. '■ 

■ ■ ' ; ■■■wliieli is 

Consider tbe pier fouiidiitionj which will be approximately . 25 ft. 
■below.^ilse intersection of .arch axes. ■ ' ■: ■■ 

Moment^Hx (6-25+25) ^ 

^ 

Total Tcriical load (from one rib in each span). 

+weight of i the pier 
==+13,000+say (25 X 10| X 29 X 1 50 X i) 
==:^4,18,000+5,ri,do0===9,84,000 1bs. 

'ExeentHcity o£ resultant 'iorc6/frbib';^®h|ra;'pf .;lahuda^ 

■ ' /-Mbment \ - 


Vertical load 
lOjSOjOOO 


958+000 


1'6 ft. 


As the foundation will be approximately 15 ft, wide, the resultant 
force eats the foundation within the middle third, which is satisfactory. 

Consider the unit stress on half the foundations, say 16^ wide X 17' 

loBg. 

Load 


Diredt sfeesss 


bxd 

9,84,000 


1 : 17x15 

Additional stress due to escentricity. 

_ 6X15,80,000 


3,900 Ibs.sq.ft. approx. 


=2,600 




^.Approximate maximum stress 
3,900+2,600 . 
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=6j400 Ibs./sq. ft. 

=s2*S6 tons/sq. ft. 

This is a safe stress for any materia,! on which an arched bridge 
foundation is permissible (See Chapter YI, para. 23). 

It will be seen that a large difference in the value of the momenb 
assumed above would not appreciably affect the design. 

The above approximate method for arches does not introdnoe any 
large error, and such errors as occur are comparatively small and on the 
safe side. 

The piers should also be analysed for live load on both adjacent 
spans, but such loading is not so severe in this case as the loading 
adopted in the above calculations. 

Ahdmenis . — The design of the abutments should be analysed 
similarly including consideration of the increases in stresses doe to 
temperature changes, and of the weight of miscellaneous bridge details and 
the effect of backfill pressure. Where the back face of the abutment is 
built against rock, the resultant force on the abutment must act within 
the middle third of the base plane at right angles thereto; otherwise 
the resultant most act within the middle third of , the horfeontal 
base plane. - 

(See Chapter VI— design of piers and abutments, and Chapter IV— 
retaining walls.) 

Deiaih of details of the design are shown on Plate 

XXVIII, 

Well Foimdatiom , — In cases where the piers and abutments are 
founded on wells, they should be designed above the wells on the above 
principles. 

100 Joot span reinjorced concrete f iled spandrel arch bridge. 

See Plates XXVII and XXIX, and Chapter VI^ paras. 23-S7 aba 


BoadwaylS^ widoj metalled. i - 

P. G, concrete 1-2-4. 

All steel to British Standard Speoiflcatiqns. 

Live Load , 

For Floor — 12 ton road roller+25 per cent, impact. 
For Arch Ring— 140 lbs. per sq. ft. of roadway. 
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Kise of Ai’cli=l5 ffc. 

Width of Areh=20 ft. approx. 


■ ttat wfrked out iu Esimpl® 

tW of U» *oig« will oootom to th.l w« ^ ^ ^ 

9, with ...ifell. modificotiont afflerono.. ond d.tolo DO. 

are illustoted in Plate XXI X. 

Sbandekd Walls. / 

{See Chapter IV.) 

Spamlrel -The. spandrel walls are 

lateral earth pressure of the filling with the B«p.-mposed • , 

Average angle of repose of rammed alling-dT . „,.,s„re. 

I-or this, from Table VII, ratio of horizontal to vertical p 

C=-25 

The weight of the filling maj he taken as 120 Ibs./c. ft. , , 

•*. equivalent lateral pressure 
w= 26 X 120=30 Ibs./c. ft. 

To allowfor the eoncenti-ated load of a road roller, the wall will be 

designed for S' greater height above the road surface. ^ 

The depth of the fill varies from 17’ at the springing o a e 

erowB# £ 

height ofthe spendrel ™lle te a««S" '■'™ 

20' to S'. ' . , -1 

Deupn aflS’ height of spandrel wall—^ov a 16' heig it wic e 


30x 16^ __^ g gQQ fj. ]|3g 


6 


:'a=: 


V 


j — 5rr”_ / 16,800x12 

9'5xb 95x12 


,13-8'^ 


Adding If", 

Thickness h=15" at arch ring : 

h tapers to 6" at the top. 
Area of reinforcement 




m 
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From Table XXXV 1 1, bars afc 7"' centres will do. Half of these 
reinforcement bars can be stopped about half way up. 

l}emgn of other keiglit.^ of Bpanilrel %mll' — Tli6 remaining heights of 
spandrel wall will be designed similarly. 

According as the wail is greater or le?s in height, the thickness Ii will 
be greater or less and the spacing of the bars will be less or greater. 

.Abch.'Eie'g. 

Areli Ubig Trial Sect io?}-. —Try depth at crown 

Try depth'.Bpringdng’ 

Loads — The Loads and stresses will be w^orked out for a H'' width 
of arch ring, the weight of kerbs, parapets and spandrel wails being 
taken as uniformly destribiited over the full 20' widtlrof arch ring. 

Dead load per lineal ft. at crown. 

^ , = 505 lbs./sq, ft.' -v ' 

Dead load per lineal ft. at springing 

=2,445 ibs./sq.^ft. ■' ^ \ 

Live load W— 140 Ibs./Iineal ft. 

Inclination of springinsr line to horizontal. 

*885=39® 5r 

■ \-'y ' 

Co-ordinates of arch axis curve 

For'',' 

X=I0' 20' SO' 40' 45' 50' 

Allow for changes in temperature t=4:E0® 

Stresses 07i Arch iff?^y,~Approximate stress results on a 12'' width of 
the arch ring. 


For 

Horizontal 

Thrust 

Ihs. 

Moment at 
Crown 

M,= 

ft. libs: 

Thrust at 
Springing 

Ts= 

, lbs. 

Moment a 
Springing 

ft. lbs. 

Shear at 
Springing 

Ve= 

ibs* 

(1) Bead Load 

69,000. 

+2,880 

89,700 

, +5,050 

57,600 

(ii) Live Load for + Mo 

5.850 

±12,70 


... 


(in) Live Load for 4- 

9 330 

i 

12,100 

4-46,700 


(iv) Live Load for — Mg 

3,110 


4,050 

—28,000 


(v) Temperature changes 

±1,860 

±7,000 

! ±1,430 { 

±21,000 


(v!) Arch Shortening 

—1,260 

+4,740 

—970 

—14,200 


==69,0004- 






+1,860=76,710). 






(vii) Live Load over whole 8paa 

^ 11,700 

yymm 



. 7,000 
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Design of Crown, + Me conditions will be talcen fov the 

design of the crown section as tliey are more severe than for—Mc 
For dead load + live load 

„Mc 2,880+12,700 _ 15580 

':74,8;50 


H 


69,000+5,850 
•208 


•208' 


125 


he 1-67 
From: Plate XXS : : ; 

' .6 

for O'S per cent steel reinforcement and-g 

: M: 


•125 


bh®f« 

.’.fr-- 


=•085 

15,580x12 


=158 Ibs./sq. in. 


12 X 202 085 

This is well within rhe permissible limit of 600 ibs/sq in. 
Allowing for temperature changes and arch shortening, 
15,580+ (7, 000+4., 740) 


H 

27,320 
71,730 ■ 

e -SS 


74,850— (1,860+1,260) 
38 ' 

=•288 


be 1'67 
Hence from Plate XXXIV 
M 


bh® fp 


-'.f- 


118 

27,320x12 _ 


580 Ibs./sq. in. 


12X202X'118 
This is well within the permissible limit of 760 Ibs/sq. in. 

Owing to the margins in the resultant compressive unit stresses in 
the concrete as compared with the permissible safe unit stresses, a 20" 
depth at the crown is unnecessary. 

The, depth of the aroh ring at the crown may be reduced to appfoii- 


B,EDi5E,s:.,; :A^I> ,C'UE¥iSEtS»^EXAMPLES* 


12f 


Mak^' i;.he crown depth — 1S■'^ 

3fsi^n of Sprinii^g Seeliotu^ j- Me eonditions will be taken for the 

■ design' of the springing seotioof as they are more s-e^ere 
For dead load+live load. 

5,05Q +dnj00 


6'““. '“^r 


Hence 


‘.h 


e. 

M 


51, -750 
' 101,800" 

i'io 
=■118 


■51' 


mi 


bli^fo 

51,750X12 , . 

Is3^ xTTS- 


Allowing for temperature changes to give the worst resalte# 

Ms _ 51,750+21,000 
/: T^;:. i,oii8S(r+i,430 

■ 72,750 


•705' 


•313 


1,03,250 

• . 

Hence from Plate XXXTV 


bh®L 


■127 


£e^ 


72,750x12 


=790 Ibs./sq. in. 


12x27‘''X^127 
wliich is above tbe safe limit of 750 lbs./sij. in. 

Also the reinforcement steel tensile stress is less than 15 t. e., less 
tbeu 16 x 790 =11,800 lbs,/s(i. iii.,; (See l^olume I, 

To recluce tbe compressive unit stress in tbe ednorete to .tbe.'safe: 
limit of 750 Ibs./sq. in., the depth of the arch ring at the springing 
must be increased to approximately. , 


27 X 


^90 
\/750 " 


=27^9'' 
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Make the springing depth hg ==*^28'''. 

Dimensions of Arch arch ring will therefore be 18'' deep 

at the crown, and ^8^ deep at the springing. 

Fuie Plate XXVIl, the depth of the arch ring at quarter points 
along its axis from the crown will be 

*8%+*llh3==.('89xl8)+(llx28)-10‘08'^^ 

•60h^+ms==.C60 X lS)+(‘40 X 

Sleel Area of steel reinforcement at crown 

Ag ===2pbd2=s*005X 12X I8==i*08 sq. in*. ■ ■ 

From Table XXXVII, P' diameter bars at S'' centres will be siut« 
'a'M0,-m'6aeh'face.' 

Area of steel reinforcement at springing 

,:4; ■■■■v'-v-:-:'.;' 

■ ■ »i:l»88 mp’-in. 

Dadueting the area of the two P' bars, the area of the additio!\al 
rainforcarijent necessary at the spidngings==l*68----l’G5===*63 sq* in. 

From Table XXXVII, use bars at 9'' centres, in each face* 

These bars will be stopped lO ft. above the springing. 

All the bars will be carried down into the abutments to a depth =^80 
diameters, i. ie the ease of the i" bars and 5' in the. case of the 

I" bars. The bars will be from the surface. 

I" diameter binding bars, encircling the two layers of reinforcement 
bars, will be inserted at intervals of 2^' , to bind the material of the 
arch ring togetlier. 

Details of I)esig'ih~'F\x\\ details of the design are shown on Plat© 

See Chapter VI, para. 31 and Plates XXVII and XXIX. 

^ Setting' oni the Arck — The arch axis is set out by blotting tlie values 
of X and y found above. 

; . In this case a S centred curve will be found to fit the points, depart- 
. ing from the exact curve not more than -^ of the arch ring depth. 

The change io the radius is at 20 ft* from the springing or 30 ft* 
from the crown. 

. From Plate XXVII and Chapter VI, para. 3 h . . . ^ 

The> centre radius , / : . 


BUIIjSBS AND CraVEEtS— -EXAMPI iBS. 


ISI 


30 ® 4 - 4'-052 

2X4-65 


=111-3 ffc. 


Sin©= 


ad 


R 


80 


111-3 


•8656=»Sm. 15°24' 


.■.0==15‘‘24' 
Cos. 0= -9641 
The outer radius 


E',= 


(ef)"4-(ed)= 


£ (edj .cos 6*— ef sin 0) ' 
20^‘+I0*95s 

£ [(10*95 X *964)— (20 X‘266)] 


:49r6„fe: 


The areli ring depths, as calculated ahoTe, will now be laid off at 4 
equidistant points along the arch axis, and the centres for the intradps 
and extrados found by. trail and error, and the intrados and extrados 
finally plotted, as in Example 

B, — In' this Example E Is greater thariEj. whereas in Example 9 Is greater 
than B. This cliflerence Is due to the dISerence in the distribution on the dead iosd 
along the span^J in the cases of the filled and open spandrel design* 
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CHAPTER VIIl 

Causeways and frainmg works. 

Intfodmloff — Causeway s~Traini0g and Prolection Works* 

Introductory. 

1. General in.'?;tnietions regarding the use and principles of construe^ 
tion of causeways and proteetion works are given in Cliapter II. 

Methods ot eaknil'ation and design are given in bins Chapter. 

Substantial eonstruetian^ intelligently designed with due regard to 
the eonJitioas to be metj is essential in all eases. 

3, Principles 0 / oomirueiiofi o/cmmma^s, ---rThd main principles in 
fcixe design of a causeway are that it must not contract the stream, that 
it must maintain a firm roadw«ay against damage by floods, erosion, 
or movement of the mlq bed, and that it should be set out at right 
angles to the currant, to avoid scouring along the upstream wall. 

In wdde staggHiig with two or more- streams, these should, 

when practicable be trained through one causeway of length equal 
to the aggregate width of all the streams at observed high flood level. 
Small subsidiary streams can sometimes be provided for by a culvert 
in the embankment. The embankment if liable to erosion by floods 
must be protected by dry stone- walling or pitching carried at least 
8 ft. below the m/a bed level and 1| ft. above observed high, flood 
level. 

Causeways should be set out on the site by an officer | this duty 
must not be left to a subordinate. 

8. Tyyjes qf caummiys ^ — Causeways may be built of masonry, eon* 
Crete or reinforeed concrete. The reinforced, concrete type, though more 
troublesome to build, has the advantages that it is not liable to fail in 
' detail, even after severe scour, and that its maintenance and repair. costs 
will be small. . ; 

Causeways maybe designed with deep upstream and downstrenm 
walla with ncr protection work, or with shallow walls, ' protected by 
boulder filled wire mattresses, or by a reinforced concrete slab apron, 
below the downstream-wall. 

Protection work of any kind is costly, and requires repairs after 
every flood, and more excavation during construction. - It is . cheaper to # 
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'SOBstriiCli' tlie, lip -ancr 'clowostream^;^ deep.,' enough"' ;■ to : be •beybml. 
seeoiiring actipDj. aiid for this ' purpose sullicient siiitable liBibeidiig .atal' 
powerfiil pumps for imwafcering nutst be provided, 

■.:4, details 'for eauseway.s'.'are'-' 

given in Plate X'XXIXj. Figures 1 and 2.. 

'■. These 'll esig'ii's ilkistrate^^ eauseway . (,sin;table ', for ■ Class' .1 ' and 

.11 imdisy eo'''n'stia.ieted:'''iti';io .eeineot , ;eoi.ieret 0 ,.': 'floorings '.or ■' :in 

reinforeed (ionerete throngijout, and the formulre are also given for < the 
caleiilation of the depttis of tlie drop walls, in terms of the average 
depth of the water over tlie eiuisewaiy at high flood. 

5. Uj^dreiuri JFall — The upstream wall foundations must be taken 
below seour level, whieh may be ascertained by trial pits. 

A rough rule is that the depth of seour below bed level— half the 
depth of water at observed high flood— l i cL 

The foiiiidations should be taken l|ft. below the seour at the deepest 
point, subject to a minimum total depth of 3^ ft. Where the upstream 
wall is not normal to the current the' foundations should bfe 50 i}er cent 
deeper.'' 

The thickness of the masonry should be one^third of the height of 
h 

6. JFail~The downstream wall is subject to the scour-* 
ing action of the water, which forms a water eushion, 

A w'at-er cushion formula for falls io canals with small velo- 
cities is 

x^h-hL5^ cl y li 

where X==sdepth of cushion below upper floor of fall or causeway, 
befall in water surface at the wateiiall or causeway, 

Y= 2 e velocity of stream in ft, per second, 
d==:depth of water above waterfall or causeway. 

In swiftly flowing streams however, this formula must be modified 
to allow for the velocity. 

' Hence for causeway, 

hrssveloeity 

and instead of d use d+h in the above formula, , , 

For rapid streams —approximately and x— 1|. d, , ■ 
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Foundations should be taken to 1| d+4 ft., and not less than 2d 
below the edpfe of the causeway in bajri beds. In sandy beds these 
depths may require to be increased. 

The depths of water eiisliions formed on existing causeway during 
doods should be observed and recorded for guidance. 

The thickness of the masonry ahouid he one third of the height 

:of 'dhe' walV^ 

■ ■ o 

7, Proteeiiou Mrdlrem’s , — -Where after practical experience of 

lioocls protection mattresses prove necessary, mattresses in wire trails 
gating sliould be securely attached to the eyebolts already embeded in 
the downstream wall (.see Figure 1 on Plate XXXIX), extending down« 

stream to a distance— H not less than 2d), or the observed length 
•pf^;sqpur;:if;:greateriv 

8, Surfaces of e!V^sewa?/s--^The surface of the causeway should follow* 
the nakf bed level and the slope of the banks, all changes in gradient 

; being' easednff 'by vertical ^ ' 

The eausewiy cross surface should slopes downstream at the same 
slope as the rmla bed, subject to a maximum of 1 in ^30. 

The up stream and downstream ivalls should be rounded on their 
outer edges, and thay should enclose and be flash with the causeway, 
surfeee*' 

9, Bumps ---The slopes or ramps at the ends of the causeway should 
follow the bank, with a maximum gradient of 1 in 14, and’ be continued 
to 1| ft, above observed high flood level. Where the banks are steeper 
than 1 in 14*, ,bo part of the ramp below observed high flood level 
should project beyond the bank* 

Where the ramps of existing causeways project into the stream, 
pyramidal boulder filliiig should be , placed across the angles between 
the upstream sides of the ramps and the banks, " 

10* &m»5-«These are put in at changes of ..gradient ae« 

cording to the method shown on Plate XXXIX, Figure 3, by lower- 
ing the road or causeway surface at salients, and raising it at re« 
entrants. 

An example is as follows i — • 

Approach at 1 in 110 down. 

End of causeway at 1 in 34 down, length 80 ft. . 

Causeway from foot of 1 in 14 slope is at 1 in 46 down. 

Then for lower curve x 



€ A:U'SE wAm ; ' wojiks . 


■135 


Similarj for the upper ear?e 1) = IS ft. 
e .<?,5 if tlie 1 in 14 slope were 48+60 = 108 ft, long or longer, these 
two eurves could be pat in and the road lowered and raised on the 
upper and lower ,emwes. . respective! j; bj the ' auiounfcs ' shown,' 'If the ; 
slope w^ere longer than lOS ft., there w^oukl he a straight pail 'at l: in ,l'4 '- 
between the ends' of the' curves. .■ But as the total length is :h0 :ft .5 B 
'and ; the' '.am 0 lints -bj'' 'wl'ileh; ■ the' .road ivS lowered ov ’ raised 'must be '.all 

multiplied by 74 

:and'; '*74 'B ’(4'S ''and'ti0'ft^ ■'Iti and' 44'£t,, ■ be; ', 

lowered or raised by the tnuounts shown on Plate XXXIX multiplied 
by *74, 5 by ■ 

■ *08^; ■ . ^ '■■." '. .dS'P- ,y +^^,>55k.;k 

■'■ Tlie carves .can' be lengthened,; and tdie' al.teuatiosiA ' to' the 
so ilaee;iner eased j.' in a similar inaniier, ' ' '’d. ' 

. The same method is used .for easing off changes of .gradient in the 
;.eause'w'ay'''pm.per:; V 

.1 J!) e diaes.vo£^:sc,uppers^; +!ri'€:li A 
causeway, are given in the general speeifleation (Chapter II)* 

Scuppers correspond to causeways as culverts to bridges. They 
extend across the entire formation width. 

Tiiey may be surfaced with dry stone, stone in lime concrete, or 
cement concrete on lime concrete, Dry stone surfacing should not as* a 
rule be used except upon unmetalled cart roads and pack transport 
roads* Cement concrete surPneing is usually the best for scuppers on 
M. T. roads they should not be used in Class I roads), as in the case of 
causew’'ays where not unduly expensive, 

A scupper slmuld be laid down in three ourves in the direction of 
the road alignment, convex at the ends and concave in the middle 
with the requisite cross slope of 1 in 12 to 1 in 80* Longitudinal and 
transverse Iiiir road sections, illustrating scuppers, are given in Plato 
XL. ^ ^ 

12, Specification , — The materials and workmanship in all road 
jBtructaieS (including causeways and ~ scuppers) must conform to the 
specifications laid down for building work generall|;. (see Voioma I, 
Buildings and General), as applicable, amplified by the specifications 
given in this Chapter and in, Chapter VI* All road structure work 
demands the best materials and workmanship, in an especial degree. 

; . . Tkaothg and PiiOTEcriOK Woeks. 

i 13, ClasBeeofiminingworh.^Txtimm^ and protection works are 
provided ; — ^ 

V : To |h‘otect bridge or causeway approaches froin eros^^ and to „ 
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giude the earreob straight through or across the bridge or 
cnnseway. 

(ii) To protect an exposed road embaiikineiit, rnnuiog along the 
bank of a stream or otherwise liable to erosion by ilqods. 

General principles relating to training and protection works are 
giVen in the General Specifications (Chapter II). 

See River Training and Control on the Guide Bank System by F.Ea 
■'.■'Spring.' .'P' ;,'■'■■■■■ '■■ 

l-J*. Bridge and euusewag training nwrks, — Training bunds will 
usiadly be necessary for bridges and causeways where the waterway is 
oontrueted by the abutments or by the banks, or where tributaries or 
bends or other causes above the site produce diagonal currents, 

Tiie Bell Bund system is generally suitable. 

Bridge’ or causeway training bunds should be parallel to the main 
current' for a length upstream ecpial to the length of the bridge and 
downstream for to, I- of this length. 

The eK|)osed ends' of training bonds should be curved back at 140° to 
120°, and be pro^dded with impregnable heads of ample dimension to 
• safely resist all ftootls. ' . . 

15. Bnihanlcmeni girotediou worh.’--lLQi\i embaidcments liable to 
longitudinal scour niid erosion are best, protected by bonds built out 
infeo the river bed at a sliglit anglej not exeeediag e30°5 the euiT,ent 
behind and below which silting will occur. 

The heads of these bunds must be well built into the bank, /They 

should not project too far into the river bed, and a series of such bunds 
is often necessary, the intervals being determined by their angle and 
length, and consequent proteebive^. capacity, having regard .to the siltino- 
effect produced. The toes or lower ends of these bunds must be made 
as impregnable as possible ogainst scour. 

Intervals, angles, and lengths can only be determined by study and 
experience, with particular regard to the type of stream or flood, the 
nature of the bed, and local conditions generally in each case. 

As a rough exemplary rule, where the main current is approxi- 
mately parallel to the bank, bunds 100 ft. long at an angle of 80° with 
the bank or current may be sited 150 feet apart, in a silting river or 
nala of average velocity. 

Short stout projecting spurs or groins are sometimes used for tins 
purpose, to break up tlie current and stop erosion by causing silting 
between the spurs* As these obstruct and feree the water rather than 
lead it, their preferential use is not advocated except in special eases. 
For slow moving overflow floods in flat country, pitching, Combined 
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where i^eeessarj with s|>ur bniKlsj is generally suitable (see also Chapter 
X, para. 31). 

where, sometimes oeeurs in hill roads, a seetion o£ tlie road has to 
be built in embankment along a torrential or fast river bank, at a ponit 
where the full force of the ciuTent ijupinges, {e. a., on Ihe outer side of a 
general curve in a eontraeted river bed {dignment)^ a pucea stone 
masonry retaining wall is necessary, tbe foundations being taken dow-n 
to twice the d'ep)tl) of maximum scoiis' ami protected where necessary by 
an a|.>ron of boulder mattressing. 

1(k ‘ Design of Bunds . — -A type of- training bund is illustrated in 
Plate XLI. 

The slopes should not be steeper than from I/i to 1/1 1. The stone 
pitching on the exposed face must be hand packed, and unless boulders 
large enough to resist movement by the current (sef? Chapter V) can be 
definitely procured in sufliciently large quantities, the pitehi^^g should 
consist of the hugest stones available packed in w ire mattressing oi‘ 
trangnring of suitalde thickness (l«2 feet); individmd mattresses should 
not be less than 6^x3^ in size, and .must be securely Joined together* 

„;The protective pitehing must be carried round the exposed end oir 
ends of a bund. 

A boulder mattress apron should be provided, for protection against 
scour, along the exposed toe of the bund in cross section* well fastened 
into the interior of the biiiid. 

As a. general rule, the width of the apron should be 1| times the 
scour, increased at exposed ends to twdee the scour, and where eseep- 
tional velocities are to be coped with to 2^1 times the scour. 

The tliiekness of the apron should equal the thickness of the pitching 
(1 to 2 feet). It is sometimes’ advisable to increase this thickness 50 
per cent, at the ont^-r edge^ in tlie form of a square. 

17* 1} ire Crate The following specification describes the 

construction of wire crates. This is a]qdicable, with suitable modifications,' 
to boulder mattressing for the protection of the toes of training bunds 
or footings of retaining walls impinged upon by a stream as well as to 
self-contained boulder crate protection works^ which, are particularly 
used to protect existing struct ares. 

, The usual unit size for a boulder Crate, considered /vr is 10^ X 5^ 
X4T, small crates are preferable where- there is danger of unequal subsi- 
dence or overturning, or ■ where they have to be dropped into deep water, 
and in such eases the usual lO^X 5^X4' crate is divided into two 5^ com- 
partments by cross netting, A convenient size for mattresses, which as 
already remarked, should not be of smaller unit size than 6^X3^ XV 
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thick? is £o^X 10^X2', bnt. the dimensions depend upon the individual 
requirements^ mattresses in excess of the latter size are ineonyenieiit to 
handle and to eonstruet of adf^qnate strei^gth. Lfirge mattresses of this 
nature diould be seciirelj tied together at o' intervals to prevent bulging 

■'in miy case. '\,.r 

The cage or trangaring should ordinarily be made of No, 6 or 
No, 8 S. W, G. galvanized iron wire (smaller sizes of wire are too thin 
for use with boulders in hill torrents) woven with a 6'^ to 4^' iiexagonal 
ixiesh. Wherever possible they should be placed in position before being 
filled with bouldersj after filling |he topis securely wired all round to the 
sides. In self-eontuined crate bunds the boulders used for filling should 
average a foot in diameteiy if possible, (in otiier eases the largest 
boulders available must be used, with V boulders on the outside if 
possible— never so small -as or the meshing must be eorrespondingly 
smaller). The boulders must be carefully hand-packed, as tightly as 
possible; they must not be merely thrown in. 

The weaving is done as follows for a mesh: — 

■;; / , (See- Plate.,; .XL.,),, 

A row of spikes is driven at 6''’ intervals into a beam rather longer 
than the width of the netting, Tlie wire is then cut into lengths about 
three times the length of the netting required, axid each piece is bent in 
the ioiddle round one of the spikes so as to form two staxids which are 
straightened out on tlie ground, The weaving is then started from one 
corner — a douile twist being given at each intersection as shewn in the 
diagram. The bottom and txvo ends of a crate are woven in one piece 
and the 'ends bent round, after' which the sides and any intermediate 
partitions are fixed in position, and secured by twisting adjacent wires 
round one another — at least two complete turns being given, This is 
clone with an iron bar, as shown in the diagram, and is the part of the 
work requiring most careful supervision, . as, if these junctions are not 
pfoperly secured, tlie crates will simply open out once there is any 
movement. Approximately 65 lbs. of wire are required per hundred 
square feet of netting of 6" mesh. A finer mesh must be used when 
only small material is available for filling the crates. 

Details of a method of wire mattress eonstruotion adopted with 
success in tlie N, W. ^Frontier Province are given in Appendix LTII 
and illustrated in Plates LVIII— LX, 

Old bhoosa bale hoop iron is often used with success for caging 
boulder bunds or mattresses. 
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Wire netting' is unduly expeiisiYet and alternatively, weat. 

For temporary or emergent proteotion work, opniitry rope trangar- 
ing or caging may be used ; this of course eannot be depended upon to 
lastj but it sometimes fulfils its purpose when the resultant silting 
obviates tlie necessity for its replacement by a more permanent form of 
protection work, 

IS. Protection of ensitinff drncfnre ,^ — Where scour threatens to 
undermine the foundations of piers or abutments, they may be protect- 
ed by a flexible apron. This may consist of boulders in wnre mattress- 
izig, as described under training bunds, or of cement concrete blocks, 
vrhicli are suitable except in the ease river beds composed of boulders 
without a fair admixture of sand gravel. Where concrete blocks are 
used, a suitable type consists of a series of rings of such blocks the 
blocks being of dimensions about 4 ft,x4 ft. xd inches thick, and con- 
nected in both directions by steel cables. These aprons should be fixed 
at a point not less than 3 feet above foundation level, and be wide 
enough overall to afford a slope of 1 in 8 down to a maximum scour level. 
The radial cables must be well anchored into the pier or abutment, 

(See also para 17.) 

19, An alternative n3ethod is to build a w^all of piles across the river 
immediately below the bridge, and thus encourage silting around the piers 
and abutments. Such a wail must extend fully across the river, and 
its summit should he brought to average bed level. As the scour on the 
downstream face of the wall will be considerable (as in causeway), the 
wall foundations must extend below scour level, and the wall must be 
substantia! enough to writhstand the Tvater pressure. 

20. In certain eases a series of obstructions placed in the path of the 
main current above the bridge may be so arranged as to spread the 
current at the bridge. 

21 A ring of piling driven eompeletly around the threatened pier or 
abutment may also be effective, ^here tlm bed. is suitable for piles, 
(See Chapter VL) 
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CHAPTER IX 


. Road . signs. 


Road Dir ection-PoBts -~Wara^ Sif iis 'andvNotices— Village Place 

■ ' '.aBd' Road Name /'SigBS-r-' Mile "and FiirloBg Sto.iies. . 


1. InstniQtioiis regarding the provisions of Bed Signs on roads of 
Tarions classes are given in Cha-pters il and IM. 

2 . C?asst?s of Siani^ — E.oad signs are of the following tleseriptions 

Hoad Direction Posts. 

Warning Signs and Notices. 

Village and Place Name Signs. • 

Hoad Name Sign 

The standard patterns of signs are shown in Plates XLII 5 XLIlIp 

::'''x-Livand'XLv, ■■ ^ 'y:: 

S. i\>.5/^s-The CJU‘efid selection of the most suitable 

position for the direefcion post is of great importance, so as to secure 
the maximum visibility on all the roads of approach. In certain cases 
it may be advisable to re.site existing posts to secure a more dominant 
position. 

It is generally undesirabie to mask the lower portion of the post in 
heclges^or shrubs. The full length of the post should be visible wherever 
possible. 

The projection of the direction arms over the roadway should be 
avoided. 

The direction arms should be set at such angles on the head of the 
post as to ensure that each arm shall lie along the immediate general 
direction of the road it is indicating. 

In all eases the higher arms should indicate tlie more important 
roads and only the arms indicating the same road shouhl be set in the 
same horizontal plane. 

If wooden or metal posts other than posts of some standard steel 
section are used, the top and bottom dimensions of the post as figured 
in the diagram should be taken as a guide. 

The length of the arms for new direction posts will be mainly depen- 
dent upon the number of letters in the longest place name. Due regard 




sbonld be had to the spacing between words and the proportions of the , 
letters as .figured on the diagrams, , * ^ , 
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The following si5andard dimensions and details should be followed:™ 
(a) Height of arm from grourul ; — Minimum, 8*^ maximum 9^ 9^' 
(5) Length of arm (Tariahle) : — Minimum S'" 

(tf) Depth of arm : — Minimum 
(d) Separation between arms “Minimum 
(t’) Lettering Black block letters raised on white ground. 
For single line or upper of two letters, thick, 

interval hetween letters, 

For lower of t\?o lines ; — 1^"" letters, thick, interval 

between letters, IJ" space between lines, 

(/) Post : — Painted plain white. 

y) An indication may be given on tho post of the Hoad. Autho- 
rity responsible for its inaintenaneo. , 

{A) III all but exceptional eases the arm should be lettered on 
both sides, the nearest important town being given first, 
then the nearest small town. The mileage should be given 
in figures only, immediately following the place to which 
it refers, the lower fraction being a quarter... , 

(/) Wherever possible the direction post should be placed in such 
a position as to be visible, to traffic from all converging 
. ' , roads for a distance of at least a hundred yards. 

The authority having control over the more important roads 
should be responsible for the provision and maiatenanca of 
the necessary directions posts at fche road junctions. 

Head direction posts are illustrated in Plate XLII, 

4, Warning and Prohibitori/ following signs have been 

standardised by the government of India 

Warnmg or danger ugm. 

No. 1, Hough Jioad 

2. Hight aUid Left Zig Ztig, 

3. Cross Hoads. ■ 

4. Level Grossing (Guarded.) , ^ • : 

5. Level Crossing (unguarded). . : 

6. Eight and Left Tmn, , ' , , 

■ 7. -SehooL , ’ . ■ ” ’ ^ 

8, Dead End Cross Road, ' \ , 

9* , Bight and Left Side Road, . 

10, Steep Hilh 
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13* Narrow Bridge. 

14. Flood gauges for caiisewaysj etc, 

15. Road Jnnetion Approach. 

16. End of Speed Limit. 

N 0 TK-—N 0 . 1 may also })e used to denote a road under repair -or a 
eansew.ij requiring a reduction of speed, 

Prokihitoiy or -nmirlafoT-^ 

No. N Speed limit sign. 

''../r; ■ ; 'v :,;Load;Hmit.:S?g!r., ■ .■ ; ■ 

3. lioad closed sign. 

4. Direction sign, 

5. Parking sign (informative onl 3 ^) 

6. No parking sign, ‘ 

7. Overtaking prohibited, 

8. Use of sound signals prohibited. 

" 9,' Main Road Ahead, 

The designs and dimensions are illustrated in Plates XLIII to XLV, 
To [ensure uniformity throughout India, it is intended that these 
designs should be adopted for all replacements and new provision of 
signs. Warning signs should not be exliibited without the appropriate 
device plate underneath. 

Cast iron plates are generally preferable to mild steel as the latter 
are liable to rust. 

The posts upon which the road signs are erected are not standardi- 
zed bat the following points should be observed : — 

{i) They should be rigid. 

{ii) The height from ground to the bottom of tlie triangle is 
dependent on the locality* A space gf six inches should 
be left between the bottom of the triangle and the top of 
the expalnatory plate below it. 

(m) The posts should be painted in black arid white bands nine 
inches deep, 

A suitable type of post is illustrated in Plate XLIII. 

Prohibitory sign have some force of law and their use should be 
restricted to essential cases. 

Warning signs should be limited in number. A few warning signs, 
in oarafally, selected positions where caution is really necessary 
will have a greater effect than the indiscriminate use of a large number 
of signs. Badly located or unnecessary signs merely have the effect .of 
bringing all warning signs into contempt. 
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Cross roacr^ and *'si*<la roacP' warning signs arenofc nsnaily 
necessary in places whare tliere is a direction post at the Jnuctioo, which 
is clearly visible from all directions. The approaches to towns and 
villages need no warning sign as such inhabited places are a snffieieiiS 
indication in themselves 'that extra- care, is necessary. ■■ 

; Importance should be, attaclied to l-he, .cai'efvil selection-, of - the. -site 
Signs should always be placed so that they face approaching traffic amd 
be on the left hand side of the road. They should be placed clear o£ 
bushes, trees or other obstruction to visibility so that the full length of 
the supporting post is seen. Warning signs should he placed, as for as 
possible on a straiglit section of road (at least yards visibility is 
necessary) and should be sufficiently far from the danger which they 
indicate to enable motor traffic travelling at normal speed to slow up? 
but should not be so far away that tlie warning is forgottoii before the 
danger is reached, 75 to 100 yards is an average distance. 

In towns, signs should be sited, where practicable, so that they are 
ilUiminated by the street lights. At special danger points in heavily 
populated areas, the use of glass fronted internally i!luniiii]ia.t6d signs 
may be desirable and justifiable, 

5. Village and place V (me are erected on the main 

approaches to towns and villages^ mime of the town or 

village. Standard type are illustrated in Plate XLIT. 

The dimensions of the supporting post at to}> and bottom shown in 
the diagram are optional ; these dimension.s should not be] substantially 
less than the figures given, unless posts of some light steel standard 
section are used. The forms and proportion of the letters will of course, 
determine the lengths, of the plate. Certain place names of more than 
average length/ two long words with a hyphen between, could be 
conveniently arranged in two lines. 

The size of letter given in the diagram should always be regard^l 
as a minimum. 

The following standard dimensions and details should be followed 
(rt) Height/to centre of name on plate Minimum 7^ 

(h) Depth of plate : — 9*^ 

(c) Height of letters 6". Te be raised painted black on 1 
white field, down stroke 1*^' thick upstroke thick ; 
space between letters , 14'' to clearance top and bottom. 
To be sited on near side of road facing approaching traffic, 
and at adistance of approximately 1 00 yards or fehere-aboiits 
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from tiio first Iioiises o£ the village or town; 

(6?) The supporting post to be of iron or other suitable mate- 
rial, painted white, and firmly embedded in the ground. 

6* Hoad navie Sigm-«^A, useful form of road name sign, carried 
out in reinforced concrete, is illustrated in Plate XLII, 

The plate should be set at such an angle to. the general direction of 
the road it is indicating as to be clearly visible from all approaches 
i ;at 'a;distanee' of about '50/yards. 

Projection of the plate over the roadway or sidewalk is undesi« 
' rable.; ■ ■ ' ' , 

It is undesirable to mask the lower portion of the post, and. the 
full length should be visible wherever possible, 

The length of plate will depend upon the numbers of letters in the 
road name. Dm regard should be had to the spacings betvreen words 
ond letters* also to the proportions of the letters. 

The following standard dimensions and details should be allowed:-— 

- (a) Height of plate from ground to centre of plate, 

(i) Depth of plate 9'' 

(e) Lettering:— Black block lettering raised (or sunk) on white 

ground. Letters 6'^ high and 1'^ thick with 1^'^ space 
between letters, space between words, ] margin above 
and below letters. 

(r^) Post :~To be of iron or other suitable material, painted 
white. 

(See also Chapter 11, para. 88 and Chapter III, paras, 8 and 18). 

7. Ifiie a?ifl Furlong — Suitable standard types for mile 
stones are illustrated in Plates XLVI and XLTII. 

Furlong stones should as a rule be of hexagonal or square cross 
section and of a size not to be confused with mite stones. 

Mile and furlong stones should be white washed, the letters and 
figures on them should be eounfcersunk, and painted black. 

They niay be made of cement concrete or quarried stone. The 
latter is often preferable, as concrete mile and furlong stones are 
susceptible to wilful petty damage to a greater extent than stone. 

(See also Chapter II, para. 87, and Chapter III, para* 17.) 
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^ CHAPTER X. ■ 

Melallieg andl Road Maiatenance. 

■ General Reiaarl£S“M€talIiBg*^Searifyiisg Melhad of RemelmliiBg"^ 
Riit Repair Melhodef Reaietailiiig— Slaam Rollers**“MaiiiteBaii€e 
of Road Sorfaee-^Spadal Methods of Road Sarfaciiig (Oiiing* 
Tarring* and conoralitigJ^Mainteiiaisce of Berms— Maintenance 
of Drainage— MainleBaBOe of Road Siraclares and Road Signs— 
Road Gangs — Maintanafiee of Boat Bridges — Traffic Coistrol~ 
Mainteisance of Unmetalled Roads--* Road impf0mmmtB* ■ : 

Gehehal Eemaeks, 

1. I-mtroiiuction .^ — These iostnietions slioold be read in eonjuBCtiosi 
with the instruetieDs contaihed in the General speeification for the eon- 
struetiOB of roads given in Chapter IIj and with the notes on repair 
estioiates in Chapter XI* They are primarily of applieation to metaHed 
roadsj but should be followed, where applicable in the ease of onmetalled 
roads, regarding which notes are given. at the end of this Chapter. 

2. Bond Records^^k. record plan, a metalling chart, and a road 
structure inspection book sliould be maintained for each road* 

The record plan should be on a scale of IS'' to I mile longitadmally 
transverse measurements being exaggerated if necessary for elarity. 
This plan should show all important particulars of the road, inclading 
gradients, radius of curves, metal stacking places in hill sections, 
catehwater drains, mile and furlong stones, boundaries of land acquired 
for the road, scuppers, culverts, causeways, bridges, and buildings, 
cross roads, and all conspicuous objects along the road* 

The standard pattern of metalling record chart, and also a useful 
pattern of current progress chart, are shown on Plate XLVIII. 

The road structure inspection book should be maintained with records 
of all special repairs necessary and done to scuppers, ' culvert^Sf 
causeways bridges, mile stones, etc* All road structuir?si should be 
Jegibly numbered and recorded by their numbers in the Inspection 
Book* They should be numbered in series by miles ; thus 6/15 denotes 
the sixth culvert, etc,, in the ISth mile. 

In respect of every important river or mla crossing on every road, 
whether bridged or not, a cross section of the river or nala at the road 
crossing should b© maintained, appended to the road structure impec" 
tioii book (usual scale IjW^ to 1/40'' horizontally and 1/10^' to 
vertically, see Chapter para. 10). On these cross sections full 
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partficulars of hoavj rainfalls and floods, with dates, are recorded as 
they occur, liain gauges should be maintained at such places, ,and 
highest maximum flood levels, with dates, should be marked on bridge 
abutments or on the banks, as practicable. 

3. consists in digging up tlie old ■ metalling 

. :.:BiJtrfacje"to the: depth of -soine S inchas, preparatory to’ remetaliing. It 'ean' 
v : usually.. only he clone economical !j by means: :o.f a sGarifiar drawn by 
■ tractoir(a'steam''ro!ier wd . . ■ 

Scorifta coosisits in roughening the old surface with pickaxes prior to 
.■■spreadihig.'tlieM 

Special repam are extensive repairs to any drain, parapet wall 
bridge, culvert, etc , the cost of which exceeds Ks. 200 for the particular 
item concerned. They should be financed from reserves held locally by 
each Assistant Commanding B,oyai Engineer, and allowed for • in the 
maintenance estimate, and in cases of special unforeseen damage due to 
cloud bursts, etc., from similar reserves held by superior officers, 

4. Ammal inspection of roads.— Tn November and the early f^art of 
Dacember of each year every Assistant Commanding Roj-al Engineer 
should make a point of traversing all his metalled roads with the 
Garrison Engineers or independent Sub-Divisional Officers concerned 
and settling what work under the following heads should be included in 
the estimates for the following year ; — • 

(<at) Kemetalling with one layer of 4| inches spreads 

(b) Scarifying and remetalliug. 

(<?) Continuous rut repairs. 

(d) Collection of metal only for either (a)^ (5), or («?). 

It rests with him to consider all the roads in his charge as a whole 
and to see that a suitable standard of excellence is maintained. If the 
decision on these points is left to subordinates without the Assistant 
Commanding Eoyal Engineer checking their demands at site, and at 
about the same time of year, certain i^oads will probably be starved at 
the expense of others. 

When making this special inspection the Assistant Commanding 
Eoya! Engineer should also note (i) what “‘speciaP’ repairs will be 
necessary I (ii) that stacks of patching rnatal are as laid down, (iii) that 
milestones ate correctly marked with dates of remetalling ; (iv) that the 
remotalling chart is up-to-date j (v) that the road structure inspection 
book has been kept hp, ‘ 

See also Chapter XI, para, 17, 'etc,., ' 
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MET.1LLING. 

5, JUmi mneiallwff u nemuanh'^Tlm womuil period for -remetalliiig 
under normal eonclitiongj of trafOej is once every 4 years^ on fche average* 
The emetj period in indivklnai aasesj however, of course depends' upon 
local cotiditions (and availability of funds). 

Tor |}roper mainteminee, a road must be remetalled either when (^’i) 
the metal has worn too thin, or {h) the surface has become too bad for 
traffic, and neither patch repairs nor continuous rat repairs will suffice. 

The thickness of snetal (above soling) for new roads is laid down in 


the ..general specilieations, 


Class I road 2, lajers=:Say '6'^ when consolidated. 


■■ . Class : II. A'oad 1, 6^dayer=:=Say 4^^' whau' consolidated . 

Class III' road 1, 4^^ layer— Say 8^^ when eonsoiidated. 

As the thickness of metal should not be allowed to get less than 
to 3^^ thick, class 11 and III road are likely to require remetalling 
shortly after completion, if they experience much traffic* . 

6. Road Almost the worst kind of metal is that derived, 

from round ])oulders of varying kinds of rock. Such metal soon wears 
into pockets, and it should be avoided when possible. 

Hard uniform limestone is easily eonsolklated,, and gives a smooth 
surface which we^rs into contiimous smooth ruts. It is rather dusty 
when dry, and produces a good deal of slippery mud when wet* It is 
peculiarly suitable for continuous rut repairs under Indian conditions 
of traffic. 

Hard trap, granite, and sandstone (soft sandstone should never be 
used) requires to be broken smaller than limestone, and consolidated 
with the heaviest rollers available. Such material lasts longer, but 
wears into a nobbly surface, and is usually unsuitable for continuous 
rut repairs. It is less dusty when dry and less slippery when wet, than 
limestone. 

Kmtkar being a form of limestone, its characteristics are similar, 
but its wearing qualities under heavy traffic are poor, though its surface 
when in good condition is perfect. 

Brick' metaly obtained from vitified bricks, should not be used except 
in by-roads where only light traffic is to be expected. 

It is occmimiall^ necessary to use metal which without the addition 
of some kind of binding material will not consolidate at alh If the 
consolidation of such metal is carefully watched, it will be noticed that 

after a comparatively small amount of rolling,, either wet or dry, the 
p.43.' ^ ^ ^ ; 
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meta! begms to moire in wares in front of the toller, and the longer 
roliing m oontinuad the more unstable it becomes* It would appear 
that the edges of the stone grind off into a fine sand, wlsioh acts as a 
Itibrieant* It is consequently, necessary with such metal to use a layer 
of the best binding material ataikble^ which must- be spread at the 
comparatiToly aaiiy stage, above, referred to, when.iurttier rolling pro« 
duces "no improvements It should be notted that binding material should 
mt be mi:xecl with the metal before rolling is commeneed. The use of 
metal with which earth has to be used for binding should be avoided, 

and it should not be Used except under special orders. 

The gauge of niatal must vary with the hardness and nature of the 

material and the weight of the steam tollers, available* 

The normal gauge for atone metal is from 14" to As a general 
rttla, the harder the material the smaller must it be' broken. In certain 
eases, using good quarried limestone or basalt and a 10 or IB ton 
steam roller (which is the most suitable type) a gauge as large as S* is 
practicable. Where the material available is laterite, and it is suitable 
and is iised, gauges up to 4" are permissibloi. When boulder metal 1ms 
to be used, the diameter of the faoulers must, not exceed and the 
gauge of the metal ip or proper consolidation will be ioi possible- In 
sMch eases a binding material may have to be used, which should be 
of loamy earth, unless absolutely unavoidable, and specially authorised 
in each ease. 

Gave must be taken in drawing up specifications and contracts for 
the supply of road metal to provide that the metal shall be the best of 
its kind obtainable locally, that the maximum possible uniformity of 
quality is insisted on, and that, where quarries are eoncei'ned, metal 
obtained from long exposed surface blocks and boulders of smalt dimen- 
sions is specifically excluded as being inferior in quality. 

7* CdlmUon qf Metals — Except when impracticable, metal must be 
stacked absolutely dear of the berm propeiv In the plains when space 
suffices, it should be stacked in continuous lines of uiuform sections, as 
this arrangement greatly facilitates measurement. In hill sections it 
should be stacked in metal stacking places at suitable intervals (say % 
furlongs) specially ccmstmcted off- the roadway/ 

Where' il is "necessary to have a gap, a stack* of the same measure-* 
ment as the gap should be placed as close to it as possible, and it is 

then an easy matter to see that the oorreet amount of metal has been 
collected. • 

On skpef it. m necessary to take special precautions, and particular-' 
ly to leave frequent properly , eloped open mgs for side drainage^ tto 
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absence of.whieli leads to heavy longitudinal scouring of the road, 
and consequent rapid deterioration. 

Metal should, as a rule, 7ioi he collected before it is actually require 
ed. Consolidation should .not usually comm.enee , imtil all ..the 
required in the mile or portion thereof coBCemed has been collected 
ami measured. CoUection and consolidation should usually be carried 
out by full mileSj except io cantonments. 

Stacks. of metal to be used for patching only should be maintained 
at specified intervals of about I furlongs and must be renewed to the 
dimensions laid down once or twice a year^ a careful record of them 
!)eing kept up. Patching metal must be stacked well away from the 
regular berms whei*e it will not interfere with trafiiC; it should also be 
on the side least suitable for staeking. consolidation metah Patching 
metal must be of the same kind as t-he road metal, and should be of 
gauge not greater thfin 1 

The gauge specified for road metal is the diameter of a ring through 
which each piece should pass in any direction. 

Stone or brick metal should be passed over a screen iu ufu^ the 
screenings being collected in heaps between the stacks and the edge of 
the road or stacking place. The screenings are used, supplemented by 
gravel, if necessary, for the top dressing. The rate for stone metal 
should include 10 per cent, screenings, in normal eases. 

Road metal stacks should usually be 13^ high counted as for the 
})urposes of measurement, and of such a section as to give sufficient 
metal for the stipulated coat on the corresponding length of road. 
Pirmas should be eonsH'uoted accordingly, and cheeked periodically. 
Metal is collected on stacking places in hill sections in oblong heaps, the 
dimensions of which should be carefully eliectad, deducting 8| par cent , 
for une%’'enn8S3 of ground, voids, loose stacking, and settlement, as in 
the case of roadside stacks. 

Metal should be measured for payment in the stacks; soling usually 
when laid on the road. ... : 

S. Organization of work j or meiaUing . — This is dependent upon~ 

{(z) The arrangements psssible for traffic during metalling. 

(6) How many rollers can be employed together. 

If possible, all traffic should be diverted off the portion of the road 
being metalled ; but if necessary to meet traffic, requirements, in the 
ease of Class I roads metalled 16^ wide or over, or occasionally in the 
ease of Class II roads metalled 12' wide, half the wddth can be renietall- 
ed at one time. The former is the normal method. When the latter 
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method is adopted, special care is neeessarj to eiisure continuity of 
correct camber. / ' 

Frequently in hill sections, and sometimes in short sections in the 
plains, the traffic cannot be side tracked or confined to one half of the 
road. In such eases the various operations of consolidation have to be 
condepHed/, aiKi_, concentrated, ^ and' the. work finished as rapidly as, 
possible engineering considerations being subordinated to traffic re« 
•quiremaixts.' 

JpH)cesH of process of remetalling consists of the 

following four operations (the first operation is omitted in the case of 
new metalling):— . 

(1) Scoring the old surface. 

(2) Spreading the new m%taL 

(3) Dry rolling, 

(4) Watering, wet rolling, aofl surfacing. 

Stmm roller onipnL—^Xx^ » output of a roller is the number of 
cubic feet of loose metal which it can properly consolidate in a working 
day. The eorrespondiiig length of road completed (which depends on 
t le thickness of the layer of metal loosely spread and the width of 
metalling) is exhibited in the following table 

Le^igth of roaih completed daihj hg one roller comoUdating a 4k inches 
■ log&r of meiaL 


Width of aietal. 

Output op koller in cubic pbbt. 

... 

. ■: 

o 

O'.- 

600 

600 

Feet. 

Feet. 

Feet. 


XB 

117 

100 

83 

12 

15a 

138 

in 

1 

207 

^ iTsVv'V.' , 



output of 700 cubic feet is attainable witli good limestone by a 10-ton 

*wueraomg^lionest8bours»day, , - 

Working with one roller only, the length of road closed to traffic 
BlmnU he three times the length which can be consolidated by the roller. 
The first third will be scored, the middle third spread with loose metal, 
and the last third consolidated. 

Separate gangs should be employed whole time on each section and 
should advance daily one stage ahead. 
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with two rollers groiiixeci, the iirst will carry oat dry rolling 
and the second wet rolling and surfaeinu', so that progress will be 
doubled, and the length of road isolated will be twice as great. 

Additional separate gangs should be eaiplojed for preparing and 
maintaining diversions w'ell in advance, and for making up berms 
immediately in rear of the last roller, ddiis latter process should 
!iot be left till the whole mile-has been eonscdidated. 

Whether w’ork is done by departmental agency or by eontraetj it is 
fapialiy important to insist on its organization on the above lines. In no 
cireumstsuices is it permissible to extend the operations of scoring' and 
spreading beyoitd the limits required for one day^s work of the rollar or 
rollers. 

dhje ndvantages obtained by grouping rollers in pairs, as advocated, 
are as •loMo%vs : — 

(i) Each mile is finished in abont half the time wdtli lass incoiive- 
nienee to trnfile. 

(ii) Supervision of work is easier and superior result are obtained^ ^ 

(iii) . Supplies of coal, w^ater, and stores for the engines are facili- 

tated, ' , 

(iv) Afeeiiaineal supervision of rollers is improved with resulting : 

iriereased efficiency, particularly if it is possible to 
attach a mechanical mistri to each group of rollers, an 
, arrangement, which will usually reduce the number of idle 

roller hours and pay directly, by giving and increased ^ 

output per roller, ‘ ] 

When the road cannot be closed to traffic during metalling the ^ 

following special arrangements will be necessary ? 

(i) Scoring and spreading must be confined to a short length, in ^ 

front of the leading roller, ^ ’i 

(ii) The metal must be spread as evenly as possible from the side ^ 

stacks in one operation, and must on no aoeouiit be piled in , 
heaps on the roadway preparatory to spreading. | 

(iii) The road gangs, must be ready to assist traffic by all means I 

in their powder. ’ ■ | 

(iv) The rollar driver must be re’ady to pass his roller once or . ^ 

twice over the roughly spread.metal if asked to do so by a , j 
motor driver, and in any case must get his roller to one j 
side without delay. . “ . ', | 

(v) Three rollers grouped should be" used, , the function of the | 

- ' third being, to reroll the completed work, and to pay special | 

attention to patches showpg, signs of failure, which. are „to : 
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be expected ovvH3g to the hustilj completed consolidation 
being subjected to immediate traffic, 

(yi) Extra good supervision and orgaiiixation are necessary to 
prevent scamped work, waste of time, and blocking of 
traffic, 

9, :~The old surface must be freed from nuid or 
dust, and well roughened with pickaxes, and all considerable hollows 
must be filled with metal, before the spreading gang' is permitted to 
commence work. The full working width must be demarcated wu^th 
picks working along properly aligned strings. 

If^ as frequently happens, the barrelling has disappeared, it must- be 
restored as irtich as possible by well picking up and relaying the surface 
of old metal to camber. In bad eases, scarifying is desirable, 

10, Spreading MeiaL — ^Earthen bunds puddled on the inner side, 
and of the height of the metalling, should be made along the edges of 
the aim to be motfcalled, in order to prevent the metal from s[)reading, 

The metal should tlien be racked off the stacks into baskets and 
spread to correct camber and thickness on the road. This cleans the 
metal from fine stuff and dust. 

In straight or nearly straight sections it is absolutely essential to 
use properly made full width gauges or templates fitted with a central 
plummet, the closer, the better, but certainly not more tlian 50 feet 
apart. The depth of the plank forming the gauge should be 4| 
inches (or the thi^ * r^ess of the metal coat), so that when the 
metal has deen properly spread the gauges are buried Jiist flush with 
the surface. The intermediate work is then easily tested with a cord 
stretched between gauges, which latter are not to be removed ’ until the 
spreading has bean passed at the end of each day^s work. 

On curves similar gauges are required, but with straight profiles in 
place of cambered profiles. Sets of these for di^orent cross slopes 
(1/7, 1/10, 1/16, 1/30 should suffice) are required, and each must be 
clearly marked with its slope. 

The transition strips between cambered sections and banked curves 
must be spread by eye as gauge cannot be used, but in all eases the 
edges to the metal must be clearly defined by lines. 

11, should be commenced from' edges and 

continued towards the centime of tlse road. . ' 

The stage when watering must be commenced varies with the nature 
of the stone,, and as water is often expensive, care should be taken that 
it is imt apptiM till The local specifications should specify 

the number ef rbller passes to be given dry, for each kind of stone 
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aeeording to the weight of loller used, oa the basis of correct data 
obtained from experiejiee. 

The first principle of macadamizing is thoroughly to consolidate 
clean square evenly graded stone metal. Therefore no binding or 
surfacing; material , may be used , till eoissolidation is complete (except as 
mentioned in paragraph 6). 

The number of roller passes required depends on the weight of the 
toller, the nature of the metal, the amount of w^ater aTailable and the 
skill of the engine driver, but it is the worst kind of economy to cut the 
rolling fine. 

One of the main causes of poor output is the laziness of the drivers 
and the difficulty of ensuring continuous honest supervision of their 
work, and the most important factor in settling their f>ay is their 
average output of good quality work. The other factor is the care 
they bestow on their engines It pays to give a considerable increase 
in the wages ' (either directly or by an “output’’^ allowance) of any 
driver who is really good in both respects. From this the necessity of 
keeping - accurate records of working days and output is apparent. 

The camber and banking templates or gauges mentioned in para- 
graph 10 must be systeniatieally used during consolidation to check the 
surface. 

Daring military operations, in cases where water is lumbtainable, 
fair temporary results can be obtained with limestone (and possibly 
with other kinds of metal that have good binding properties) by dry 
rolimg only, then spreading a thick layer of shale or bajri and lea vifig 
the traffic to do the rest. The binding material should not be mixed 
with the metal before rolling. 

12. thorough consolidation, the screenings, 

supplemented as necessary by screened gravel or coarse sand previously’ 
collected should be spread evenly, watered and rolled. The object is to 
fill the interstices between the metal and produce an even water-proof 
surface. The less the inatariaL used to obtain the desired result the 
better, and an average thickness of, I ii^eh is usually ample. Earth 
must mPisr be used for this purpose. Whan kankar, laterifce, or brick 
metal used^ it should be rammed in the first instance with iron 
rammenj, nr rolled with only Sr light roller (bullock roller or 6-ton steam 
roller) until consolidated. Care must be taken in all moh cases that 
the roller used is not so lieavy as to crush the metal. 

ISs Mmnhnmce qfnewP^ consolidated 

metal Jattli b® kept careful observation for some little time, so 

that any ■ gboes which work loose may be at once repaired, as otherwise 
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the (Lnjiag'e will very qiiiekiy spreaJ and extra ex}>ense will be involved, 
(See also paragraphs 17 and 18.) 

SCAIUFYING METHOD OF E EMETALLINa, 

1-t. This is an eeonomicai method of resurfacing old 

roads, but should not })e attempted indess the average thickness of 
Uiefcal over the soling is at least 6 inches. It is particularly useful in 
loeniities where berm unitHrial is expensive, as. the road surface level is 
not raised by remetalling by the scarifying method, 

A suitable method of resurfacing by the scarifying proe.ess, based 
(m expoi-ienee o!i the Jheluin Valley road, where excellent results have 
been oi)t:une <!5 is described below:— 

The road in question has 12 feet of metal, and is subjected to 
exceedingly heavy irailie wh.ioh cannot he side tracked. The scarifier, 
is made by Messrs, William 'Uhackeray and Sons, Mai ton, Yorkshire, 
It is fitted with four teeth or tynes of special steel which wear out , 
rather nipiflly. i\fessrs. T. Pratt & Co., .‘iOd, Bow Bazar Street,' 
Calcutta, a brand known as Violet mark treated steeP^ which has 
bceiv found quite sati?i. factory for replacements. 

The seariller is towed by a road roller of not less than 8 tons weight' 
by a strong steel cable some 20 feet long. The teeth should be set to ■, 
eat not more then 2'^ deep below the road surface as this actually 
•loosens at least 8 incdies of metal. On the fiat or down hill all four 
teeth are tised, but up steep inclines only two of the teeth should' be 
put in action, to save excessive wear on the driving pinion of the roller, 
fi'he scarifier is easily steered by an ordinary cooly, who finds no 
difiiculfcy in keeping a good line and obtaining umforrn results, .The 
only precaution necessary is to drop the teeth gradually wdien commenc- 
ing a cut to save sudden strains, but no difficulty has been experienced 
in training the coaly accordingly, : , 

After completing a ciit tlie cable is detached from the engine, which 
then backs into position for the reverse cut. The s'teering handle of the 
scarifier is set over at right angles, the cable being attached to the other 
end of the engine, and the latter then tows bhe scarifier round. When 
the line has been picked op again the cooly gradually engage's the tynes,* 
The operation of reversing is very simpleaind quick i 

The method of working is as foUowa: — > - *' * ‘ 

On - beginning work the engine- driver scarifies a length of 50 feet' 

. and then - proceeds to roil to a finish his previous days^ work of 
2 to chains in length: A gang of not more than 15 m^ri-r^kes 'the 
newly scarified surface to the side to. the road, and then bapk again t© 
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the H feet aligiHiieiit, tims removing all fine stuff aiul dust to a large 
extent, The old metal is then well watered (wdiicli cleans it still 
further), and a layer of fresh metal of the same iind is spread li inches 
thick over the surface, equi valent to one third of a full coat. The 
engine scarifies a further 50 feet of road, and the process is repeated at 
intervals till the full length of £ to chains has been prepared ready 
for nest day*^s consolidation. If the searilied metal is found to be so 
bad that screeniz;ig is necessary instead of raking the gang must bb 
nereased accordingly, or the output will be reduced to some 14 ohains 
a. day,-. ■ • ■ . 

Thirty days are only allowed for scarified consolidation of one mile, 
including a margin for all delays, and the work is given out on contract 
with a penalty for exceeding this time. The cost is worked out at lls. 
5S per mile for scarifying only, as against Rs, 146 for similar work done 
by hand. 

Fresh metal ofilie same should always be tnixed ^ith the old 
metal j to the extent of SS to 40 per cent. The life of a mile thus treated 
is about f of the life of a mile given a full new coat. 

Rut Ebpair Method of Remetaultno. : 

15. Coviiniiom Ihd Bepain^ — As another alternative to eoniplete 
rernetaling, this process is particularly applicable to narrowly metalled 
roads 9^), surface with limestone, which have worn into clearly 
defined ruts under traffic. Miles so treated can hardly be cHstinguished 
from newly consolidated wort and should have a life nearly equal to 
that of a complete 4|" renewal coat. Th® resulting repairs stand occa- 
sional heavy motor lorry traffic satisfactorily. 

A continuous trough should be excavated over each rut by hand, 
with side slopes of about 60®. The old metal should be racked into 
heaps at the side of the road, and the troughs filled with new metal 
the mme hind spread 44'' deep. The old metal (the quantity of which is 
not much) is then spread on the new metal, having been fairly well 
cleaned by the raking process. The whole is then well watered apd 
consolidated with a roller , in the usual way. No extra binding material 
is required, as the old metal answers the purpose. 

The ^output^ of a steam roller ou this class of work should not be 
less than normah But repairing has been dbne in the Ni W* Frontier 
Province* at Bs. 10 per 100 cubic feet, measuring the full section of the 
excavated troncfli. 
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■ The economy of this metlmd is apparent, Itepair work of this kind 
should be done by the mile, and shonld not be attempted by hand 
ramming instead of rolling, as opposed to [lotdiole repairs, 

Eoad HoLErms, 

16, Sie^nn /iV;//(f?^A%«---Iristrnetions regarding the working and main-^ 
tenanee of steam road rollers are given in Volume IV (Electrical and 
Mt^olianieal and V'ater Supply.) 

Maintenance oe Koad Subeace. 

17, Paichng — The greater the cost of road metal the more sliould 
be spent on patching (/, ramming in inetal with water and ehmi bajri, 
into pot-holes winch shonld be cut out first,) and on other measures 
such as periodical spreading of shale or bajri, in order to increase its 
life. 

!I, here is generaJly a- fendcr.ey to spend too much of the repair gTant 
on remetallingj and too little on |)atc})ing, 

loo iriiSb stress cannot be laid on tiie careful and systematic, patch- 
ing ol roads, as it is often couimon practice to neglect patching till a 
mile has got into noticeably bad condition instead of patching newly 
consolidated miles at the first signs of local failure and so maintaining 
them in good conditiion. More care, aujiervi.sion, and money spent on 
patching miles before they get really badly worn nien.ns a very appre- 
ciable increase of life, and a eonsequent great saving iti the annual cost 
of remetallijng. 

Patching metal must be* offJ/e mim qitalUy as that used for remetaU 
ling. Pateliing is the normal and most important duty of the regular 
road gangs, whose strength per mile depends largely on the amount of 
such work to be done, Red flags should always be used oa either, side 
of a patching gang to waim motoristsj and the men themselves must be 
trained to signal which side the motor sliould pass any patch not yet 
filled after excavation. They must never leave ""Iheir tools lying about 
on tlie road. 

The gauge of jiatching metal should never exceed and should be 
le.ss when , the stone is very hard, 

, IS, Spreading hajri, — The systematic spreading of bajri on the 
metalled .-surface of a road, by the road gangs, directly the individual 
stones of the metalling-begin to show up^ stops the metal picking up and 
prolongs its life. This is particularly important in the hot dry, season 
of the year. Earth must not be used for this purpose. “ « . ' • 
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The bajri should be cbaa ri’rer bajct^ shale, ov sand, and it should 
not be laid more than | inch tshiek. Watering in addition is also very 
cbsirable iu hot dry weather, and rolling in bad cases particularly when 
there is little traffic or when the surlaee has started to pick up 
extensively. 

19. Surface mider eireeptienal traffic.— \\^n a road is 

Called upon to meet axeeptioiialSy heavy traffic, regular and systematic 
surfacing, as deseribed above, is essential Tiiatclu'iig grass can be used 
us a temporary eoicrgent measure instead of bajri, but it is less effective 
and requires more frequent replacement. 

20. Camber and Superelemtion sfci}>uhifced camber and super* 
elevation must be carefully maintained inf repairing berms and metalling. 
In all cases in wlucli a road is below standard in these respects, it must 
be brought up to standard wheii repairs are carried out, 

SemAia Mmcons of Roao -S ukFACtiTO (Oiliho, Takeii^O;, Am-' 

CosroEifiTiHa). 

(See Chapter II, paragraph 40). 

21. SpecMmef/iods qfrond^ mn fact To promote durability under 
heavy traffic, and to minimiv.e dust and mud, the ordinary water bound 
macadam may be surfaced or replaced by the following methods 

(i) Surface Oiling on water bound macadam. 

(ii) Surfacing Tarring on water bound macadam. 

(lii) Surfacing with Asphaltio oil or eompositian, 

(iv) Metalling or reraatalling with Tar macadam. 

(v) Metalling or remetalling with Bituminous or asphalt maeadaoi*. 

(ti) Surfacing with Pitch-grouted macsadam. " 

(vii) Cement concrete or reinforced concrete surfacing and jfounda- 
tions, in lieu of metaUing and ordinary soling.. 

The British Boad Board Standard Sf)ecifieations rdating to (ii), (iv) 
and (vi) am given in Appendix XILtlX for guidance, and supplementary 
remarks regarding these an<l the other methods are made in the 
following paragraphs. The camber of the road surface should normally 
not depart from the normal standard of 1 in 40, for meta!!ed;roads. 

22. Oiling imttr bomkl wmmrlam or earthen roads. — Oiling h the. 
simplest and cheapest methei .of -keatiiig water bound macadam. It if-. 
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HI use on subsidiiiry roads in the United States and elsewhere, and h?j 


been rised siiceessfollj at Delhi and ofclier stations in India* 

United States experience shows that oiling greatly improTes kiiteha 
roads'^ provided tliat the surface is dry and properly made up to camber, 
jiuii rolled before treatment. In tliis eonneetion it is of value for trea- 

tlie earthen iKiniis of metalled roads in India, under the same eonc]i« 
tions. In the ease of earthen berms or road surfaces, however, oiling 
w’ilfof coairse require comparatively f re quent renewal. Where there is 
very heavy rainfall, the durability of oiling on earthen surfactes, and its 
consequent practicability, are of course, considerably lessened. 

Tar oiling comprises tlie pressure spraying of the surface with a 
Fuitabie mimber of coats of tar oil or petroleum oil with an admixture of 
5 percent, coal tar, . . - ' - . „ : 

The followiiig conditions most be fulfilled 

(i) The surface must; be dry, 

(ii) The surface must be clean, all dust must be well swept 

off immediateiy beforehand, and all, depressions, etc , 5 
repaired and filled up. 

Traffic must be kept* off the portion under treatment until, 
the oil has been property absorbed, and subsequently 
coated usually, wa'th a thi n top dressing of fine gravel or 

(iv) The oil and tar, whicli do not remain in combination, must 

be mixed at the time 0 ^ application, or alternatively 
kept w^ell mixed throughout. 

(v) The oil s].iou!d b® of the consistency of thin golden syrup, 

the tar that of treacle. 

(vi) The mixture must be kept free of any foreign matter, 

(vii) The treatment must not be carried outdaring, or in proxi- 

mity to, the rainy season. 

The following desiderata are advocated for efficient and economical 
work ; — 


(i) The mixture must be applied hot (this isessejitial where oils 
containing 40 per cent, or more of asphalt are employed), 
where iie(?essary to promote the suitable liquidity. 

(ii).A travelling pressure road oiling machine, with heater 
attachment .where .necessary, should be used, , (The 
machine manufactured by the Austin . Manufacturing 
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Company of Cbioago, whieli can be diTiwn by a pair of 
hoims or bulloeks, or by a ioriy^ is very suitable*) 

(iii) A meehanieal broom should be used for efficient sweeping. 
(Tha Aiistiia Company maniifaeture a suitable street 
sweeper of this type, wliich ean be drawn by a pair of 
horses or bullocks, or a lorry, for use in conjunction with 
the travelling oiler.) 

As in the ease of all other special road surface treatments, the 
specifications and the results depend upon the local climatic conditions 
the nature of the metalling, and the traffic. 

A description of the method adopted at Delhi, using 3 coats of fuel 
oil with 5 per cent, of ordinary coal tar, is given in Appendix L. In 
this case, the oiling requires renewal ainiualljo 

The British Road Board Specifications for Tar and Tar Oil are given 
in Appendix, 

Specification No. 4, Tar No. 1. 

„ No. 5, Tar No. 

„ No. 6, Tar oil. 

Tar No. % is most suitable for hot dry climates. 

Patch repairs to oiled metalled roads should be done with tar and 
clean metal, and if the work is efficiently done, and renewed at clue 
periods, watering to allay dust should not be necessary. 

Asphaltic oils and compositions can also be used for oil spraying ox 
surfacing, and their use should be studied. 

£3. Tarring water bound macadam —Surface tarring on water 
bound macadam roads is more durable and efficient than oiling, but 
more expensive. Surface tarring or spraying consists in the application 
of hot coal tar (one coat or more as necessary) to the metalled surface, 
the surfacing being finally covered wilh a thin layer of fine gravel or 
clean sand. 

The modern tendency is to use larger ehippings, to f'", which 
are rolled in to the tanked surface, A ton of cbippings should cover 
130 square yards of surface and of 1,10 square yards of surface. 

This method has been used with varying degrees of success in 
various parts of India, notably in Bombay, Bladras, ‘Calcutta, and 
Lahore. 

Details of the method, used in Peshawar District, where it has 
proved very successful, are given in Appendix L. For other localities, 
modifications may be necessary to suit lacal conditions. 

Surface tarring has the disadvantage of promoting a slippery surface 
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aft^r ram (apart from the softness eaiise^l bj great beat, an ever present 
dilBcnlty in the summer everywhere, which is particularly applicable to 
hot stations in India). Roads so treated must therefore not have an 
e^fcessive camber. With certain kinds of metal, ey, 5 . in the ease of 
limestone -as used at Lahore and Rawalpindi, the surface . becomes in» 
,^operabiy slippery for animal traffic, and if tarring is to be done , in 
-metal Biust be usedlo 'overeeme: this .disadvan- 


■■■tage,;. , ■ ■ ■ 

General directions for surface tarring on water bound macadam, and 
specifications for tar are given in the British Road Board SpecificatioBS 
■iji, Appendix X'LIX,;m.;~ 

Speeifieation No. 1 Surface tarring, 

„ • No. 4/rar No. 1. ' ' ■ 

T • „ , ''/'‘'No. 5, Tar No. 

(Tar No, 2 being most suitable for hot dry climates.) 

The conditions given in paragraph 22 for saecessfui oiling are of 
equal application in tlse case of surfacijig or spraying ; In this case it is 
essential for the tar to be heated to boiling point (about 22 ^ to 250®!^) 
when applied. The use of a travelling sprayer and beaterj and of a 
rncehanieal broom, as mentioned in paragraph 22 , is equally desirable 
for efficiency ami economy. 

The Punjab Specification for tar spraying is given in Appendix L, 

Where there is heavy traffic, tivo coats are necessary, the second two 
or tljree montlis after the first coat. 

The tarring should be renewed annually except on roads carrying 
light traffic, where it must ba renew’'ed as necessary. Practical expe- 
rience in India sllow^$ that efficient surface tarring will stand under 
regular light traffic up to 3 or 4 years. 

Patch repairs to tarred roads must be done with clean metal and 
tar, ' ' ■ \ 

24; Tut use of tar macadam instead of water bound 

macadam, m renewal coats or in initial metalling, is greatly preferable 
to either oiling or tar surfacing, but.it is correspondingly more expen^ 
sive in initial cost, although in upkeep it should in the iongrun prove 
.no more expensive, provided that the specification is suitable to the 
climate. 

Under very heavy traffic, tar macadam is the only mitliod to use, 
as compared with oiled or tarred water bound macadam, where its 
initial cost can be afforded. . 

Tar macadam, similarly to tar surfacing, has hmn used with vary^ 
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ing degrees of sneeess m tarious parts. of India, anti is now adopted as a 
standard in certain towns where a satisfactory spaeification suitable to 
the local conditions has been arrived at by experience. It has bean 
found that the climatic dilBculties can be eliminated by adhereinee to 
vvspecifieatiohs.':-'' : v".-;--" ■’ 

In this method, the broken metal, which must be perfectly dry, is 
first coated with hot tar, and is subsequently laid on the road and 
rolled in, less consolidation being required than in the case of water 
bound macadam. It is desirable to apply a coating of boiling tar to 
the surface after the road has been used for traffic for several weeks* 

5. Good and suitable road metal is necessary, equally with the use of 
tar of suitable quality; in this connection, apart from the necessity for 
good wearing qualities, limestone is found to promote an undesirably 
slippery surface when used in tar macadam, as in the case of tar 
surfacing. 

Suitable proportions of stone metal are as £ollowsj~ 

I 2|^ gauge • » * . go p^j, gent. 

gauge • * • * 30 „ ‘ ■ , 

The use of a tar matrix is particularly advantageous where otherwise 
good metal with bad binding properties has to be used. 

General directions for the use of tar macadam, and for tar, are 
given in the Standard British Boad Board Specifications in Appendis? 
xiiix, 

Specification No* Tar macadam. 

„ No. 4, Tar No. 1. 

„ No, 6, Tar No. 2, 

(Tar No. 2 is the usual specification, particularly for Hot climates.) 
At Lahore good results have been achieved by using ordinary gas 
tar heated up to 200^ F, with 25 per cent, of pitch added in this ease 
it was found necessary to keep the metal (for 2 or 3 months), until the 
coating became ‘^^taeky^^ as laid down for Tar No. 1, iii the Boad 
Board Specifications,, before laying and consolidating* 

Self-contained portable machines for the preparation of tar (and 
bitummous) macadam, where such work is to be done on a large scale, 
are manufaetured. These machines dry the stone metal^ heat the tar 
(or bitumen), and mix them together in the proper proportions, dis- 
eiiarging regular quantities of properly coated metal. They can be 
driven by a steam road roller or tractor or other power unit of similar 
. H. P.' . • ' 

25* liUumiuom or Asphalt 3Iamdam,'^K specification for the 
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faeiBg of a road with bituminous Tuacadairi (taken from “Speeifieation 
pubiished by Technical -Journals Limited, London), is given in Appen- 

di^r LI. ’ ■ 

This is a modern method of surfacing which should be studied. 
Tar macadam mixing plant (see paragraph 24) is used for such w^ork on a 
..•large-scale*: 

26. Pitck (^ronkil macadam. Burfdeinu.—Q^Vi^xdX directions for sur- 
facing with pitch -grouted maeadam, and specifications for pitch, are 
given in the British E-oad Board Specifications in Appendix XLIX, 
im, t — 

Specification No. 3, Pitch-grouted macadain surfacing* 

’ , No. 6, Pitch, 

This method is not so satisfactory as the use of previously mixed tar 
macadam* ■ ■ ’ . ^ . ■ , 

^ Cement eontrete road fo'im(laUoii§^—QQV(xm\t concrete, or rein- 
forced concrete, can be used instead of soling for the foundations of tar 
meacadam or water bound macadam roads ^ (in addition to its normal 
use in paved roads, which are not dealt with in this Handbook), where 
owing to the heavy weight and speed of the traffic and the soft nature 
of the sub-soil increased strength in foundations is necessary. 

When used in macadam surfaced roads, the concrete is finished with 
a toothed surface to form a key for tlie surfacing material. 

Particulars of cement concrete and reinforced concrete road founda- 
tions (taken from ^^Speeifieations^^ published by Technical Journals, 
Ltd,, London), are given in Appendix LIl. 

28, Cement Concrete road The use of cement concrete or 

reinforced concrete road surfacing has been largely developed on high- 
ways. in the United States, and is extending elsewhere. The durability 
and cleanliness of this' type is obvious, and although its initial cost 
cannot be afforded at present, it should cheapen with the development 
of modern methods of work and of cement menufacture in India j its 
details and development should therefore be studied, for adoption when 
and where practically and economically suitable. With cheap cement, 
efficient plant, trained ' labour, aiud materials ready to hand, the first 
coat is not unduly expensive^ and maintenance costs, are of course 
comparatively small. ' 

Pa.rtioulars of ' cement concrete and reinforced concrete road surfac- 
ing (taken .ffrqrn “Specifications” published by Teehnical Journals 
Limited, London), are, given in Appendix LII. 

A method of asphaltic surfacing, used successfully on reinforced 
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concrete bridge decking in tiie N.-W, Frontier Province, for the purpose 
of water proofing and hardening the surface of the concrete for traffic, 
■is described in Chapter VI, paragraph 47. 

: 'Notes ■; 0 ■eoBCretc road' dMign and- coBstnictioii: for India are, given . 
\ below. ■■^■^:■ :V.'\y ' 

' E9,' . G(^mreie rmd dmigu condfueM&n for IiMha*^h.B regards 
design, assuuiing a sound foiiiidation, a subject which is dealt with 
later, the first question is the width of the road to be adopted. At first 
14 feet was considered sufficient hut so great became the increase of 
traffic when the advantages of the concrete road were realised that 
eminent engineers have had to alter their views and it is recognised 
that a width of 'IS ieet is the best';, standard. practice. . ■ 

Tkichiens.’-^ Jn certain elimatesa uniform thickness of 6 inches 
medium traffic and 8 inches for heavy traffic can be adopted as a gafe 
standard, but in a hot climate other factors into play and after 

spending large suois in experimental work it has been proved that the 
following action will take place. When the temperature rises the sur- 
face of the conerete IS heated first and therefore expansion tends th 
take place at a greater rate near the surface than below, causing the 
concrete slab to curl up at tlie sides ^ on cooling at night or 

in cold weather, the contraction tendency is again greater at the 
surface with the result that the concrete slabs tend to lift at the centre. 
Under these conditions it was found that lorries travelling with the rear 
wheels about 2 feet from the edge of the concrete would in time break 
the concrete at that distance from the edge. To meet this problem 
various designs were submitted to further heavy tests and it was found 
that tiie best form of constructions for such conditions was a concrete 
slab 9 inches thick at the edges tapering to 6 inches at a distance of 
£ feet from the edge, and this allowed of red^eing the whole of the mid , 
portion of the slabs to 6 inches thick even for heavy traffic. A longitu- 
dinal bar f inch in diameter should be provided along each edge of the 
concrete slab^, and a longitudinal joint is recommended along the 
centra,' ,, , . ■ ’ . • 

It is considered that when a longitudinal joint is made, a bed 
about 6 inches wide and S inches/ deep of 8:1 concrete should be 
laid ahead of the work, so that as the joint works there is no chance 
of foreign material rising through the joint from the sab-base*—* 
the joint is thus kept clean and solid. In this type of construction no 
reinforcement other than I inch bar is necessary unless the foundation 
• is bad* ^ ^ ^ . ' • , . . . ' ' , 
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Mftienah . — It is natural Ij essential that the stone or gravel and the 
sand should all be free o£ any foreign matter j such as sulphur, which 
would be injurious to, the eement. and whatever is used must be clean. 
The stone should he graded from 1| inches to f inch and the sand 
should all pass through a J inch square opening and not more tlian 10 
percent by w’eight shall pass a sieve havirig 50 meshes per lineal ineh. 
If only a fine sand is available, it will fae found that a greater quantity 
of cement must be used to eiisure every particle of sand being covered 
with cement. Unless tin’s precaution is taken the concrete will fail. If 
the e.onerete is hand mixed, it is recommended that the sand and 
cement be mixed dry before adding the dry coarse aggregate and then 
the whole mixed wet. 

The water should be clean and,' again, in a country like India, it 
should be analysed to. ascertain wheiher anything is present likely to be 
injurious to cement and if this is the case a very siinple trea^tmont will 
probably eradicate the evil. 

The cement should be of the highest quality ,n,nd slow setting, the 
dillerence between quick setting and quick havdauiug is not always fully 
realised,' A slow setting, cement' may Be quick hardening 'ami if this - is 
the ease it is an advantage in road construction. 

Generally speaking the proportion of aggregate to eement should be 
4 parts of coarse material to parts of fine material to i part cement 
(4 5 2 : 1), 

In towns it is sometimes preferred to make the road in two courses, 
tlie upper being richer to withstand the concentrated wear and tear and 
in which ease the top IJ inches depth should be composed of 2 parts | 
inch to inch ehippings or crushed ballast, to 1 part .'and to 1. part 
eement (2:1; 1) or not weaker than 3 : 1^.; 1. Should tliis method 
be employed the top course must be laid almost at the same time as 
the fower course and always before the initial set has taken place in 
the lower course. 

, In view of the fact that these roads allow of high speed it is advis« 
able to bank, the curves in proportion to their radius, the maximum 
siipeivelevation should occur through the centre half of the arc and 
should taper off for a distance along each straight equal to a quarter of 
the length of the arc. 

, ^ ^ Britain these roads are often constructed in alternate bays 
about 20; feet wide, the intermediate bays being filled in about 14 days 
initial conke-etion .of the 'concrete of the '.adjoining: 
bay bas taken place, otherwise it appears advisable to have expansion ■ 
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: joii|tB'';at„interva;ls not.- greater /than TO; feet '.apart, these jo hitBy... about,; i , 
'inch.'Widej shoukl beiilleci with a fibrous; elastkv water materts.i. : / 

l^hnndatimM. ~J.t is.ivotthiir.toexpeet the eouereto to dO' , every thingjf. 
neither is it fair to expect it to earry loads over an indefinite’ length ,, 
...and rtjs nee'essaiy. therefore .to. examine, tlse foundation.. ./!£. this .will 
''staiKl'anudght*'fco .roller. it is;' good enough and’ allt'hat.'.is: a<l:vis.ahle.^is. .to., 
blind it \vit-h 0 . thin layer of sand or chippings to ensure the concrete 
being ke|}t eiean when deposited. If the foundation is liable to get 
.'■sp'o.iig 3 r in 'wet"'iive?dd»6r and' is.'tha.n. weali,",'.it shoukl.:" be ' .propeidy ■ .drained, 
■by ■cutting diagona'r trenches^ at iiiteiw\als'.',about';.l:8,-incl^ ,in; ^- wid.tlr,;;a.Bd. 
depth and fill iiig' with gravel or some material which will allow the 
water ,;to. drain off and;,t!uis keep the' top 18 inches fairly dry. 

If the foundation is liable to expand and contract a few incbes of 
ashes rolled in will act as a cushion between the material and the con- 
crete and tluLs prevent the latter from cracking. 

All banking must be thoroughly consolidated and when the materials 
for filling are not all homogeneous they should each be deposited in tJun 
layers and not promiscuously. The use of a ten-tori roller is advised on 
banks. ,. ;:■■’■ .,' r";; . ■■'■" 

Construetio ?L~A£tev grading the sub-base the forms should be set to 
the correct grade and made absolutely firm as the template will work 
on them later. These forms should be afc leask.2- inches thick. It should 
be remembered that if these forms are not firmly butted it is probable 
that a ridge will show in the finished concrete surface.. 

Before depositing the concrete the sub-oase should be wetted in 
order that the latter may not absorb any moisture from the former. 

. The concrete should be mixed to such a consistency that if stamped 
on half a dozen times with a booted foot, it just shows a moisture on 
the surface; the concrete is only weakened by making it wetter than 
this* , About 5 feet of concrete should be deposited and tafiiped and the 
work followed up accordingly. As each 6 feet or so is completed it 
should be immediately covered up with canvas, care being taken that 
the surface is not disturbed. The canvas should be kept^damp. The 
canvas, which may be in frames if desired, should be removed the next 
day and the concrete covered with sand or palm branches and kept wet 
for ten days.. 

The template for a road 18 feet wide may be made out of 10 inches 
by inches, or 9 inches by % inches timber according to the amount of 
camber~ff 9 inches by 2 inches is used a piece S inches^ square should 
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be added at the top to .prevent warpingr^tlus piece being laid on edge 
and nailed down. 

The template should be provided with a shoe o£ wrought-iroa ^ inch 
thick and, say, S| inches wide which should be screwed in. The camber 
may* be 1 in 48 and the template for a road 18 feet wide would be 
T9;, f eet long,'' ■the'. 6 inches ■ at'each 'ehd'.^'b^ing' lev'eit'O , act " as a'' bearing '..on ; 
tlie-' forms.-'- 'The 


■ ■ ; ■^■,Man,y;'engmeers to project' an inch above th® 

^'■.'levai' of t!ie at the -edge of the road so that the concrete , 

. does not spew over... tive. foim as this would make it necessary to conti- 
nually clean it away .from under- the template where the latter bears on 
.ihe'.&roifS, ■' ■' 

Ge?iemL~Othm points arise in the construction of a concrete road 
but in the above are given the main points which if followed out care- 
■fully will give m excellent road. 

Maintenance of Berms. 

§0. minimum width of berms to be maintained is laid 

down in the road specifications, and, unless absolutely iniavoidable, 
these widths must never be encroached on by stacks of metal. 

Where a road is unbanked, or is on a very low ba^nk, there is usually 
a wide space,, between the limits of the regulation berms and the lines:; 
of trees or borrow pits, and it is important to maintain these outer 
berms also in good order. For this reason the banked edge.s of the 
regulation berms should slope oS gradually to the outer berms, so that 
wheeled traffic can make use of the full width of the road area when 
necessary. This also implies that earth for making up berms must only 
be taken from borrow pits ; digging holes in any other places must be 
strictly pi-ohibited,. and excavations must be filled in when they already 

A good berm should be such that in fair weather^ a motor ear can 
traverse it without inconvenience or risk of severe jolts at a speed of 
SO miles per hour or more. If it fulfils this condition in dry weather, 
it will usually (if given a siifficient slope) be safe to use at slower speed 
in wet weather also. 

Slopes of berms mast be within the limits specified in the general 
specifications for roads (Chapter II), 

Berms must be consolidated with hand rollers or by efficient 
ramming, .especially wheis such making up is. necessary. Otherwise no't'‘ 
only aretheyaniisaWeby whiried traffic fora long time after "remaking.'; 
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iujt ' also, ■ in , '■tlie; e?eHt'' . of rain, ■:';feliey ■' , act lik©.' ' a- arul: : tli©. ■ ,■. 

water they liold is apt to penetrate under the soHiig and cans© local 
sinkaga. ■ 

Rain cuts must be. prosnptly repaired. ■ . ■ ■ , 

■. On steep gradients, .where carts like to use the soft berms as brakes, - 
a.nd; where /.tliebeinis ''.eoiisaqiiently get badly eut np,„ .'they, can only ■be:. 
keptviii .good, nrder by .■;tb.e''u8e'.J of shingle nr rough: ■ nietalliiig of 'some ■ 

Mnd.'V 

' The ^ gro’SYt.li. of 'grass, is to b© en0O'.uraged.' " 

On no aecoiuit must berms be level wntb or higher than the road 
itself, even when 'first .inade.' . 'Good drainage:- from . the' road outwardS'- is; ' 
essential. 

The cases, in which 'berms 'are to be soled as mentioned, in the. general 
J^'peeifications for roads {vide Chapter II). 

Money is often %vasted and good berms are spoiled, by following 
the routine practice of dressing them to a specified width immediately 
after rernetaliing. An estimate for rematalHng must include only what 
is: uekm/Jj/ necessary for the mile in question to keep the berms within 
the proper limits of slope, and a stereotyped item for berm dressing 
must never be included. When rernetaliing with scarifying, little or 
no berm dressing is usually necessary, as the surface of the metal is not 
'.■^raised.,::-: ; V;.' V:' ir-i'- ; 

Apart from the berm dressing allowed for rernetaliing estimates 
all berm repairs should be carried out by the regular road gangs, and 
usually it is onlj^ when the berms have been allowed to fall in to dis* 
repair by long neglect that any special repair expenditure on them is 
legitimate. 

Gauges. — To keep berms in proper shape or to effect extensive 
repairs to them, the use of gauges made to specified slopes is essential. 

MaIHTBHAHOB OB DrAIHAOB. ■ 

oL Neeemtg for improving dminage on emetiug roaJ^~The coii- 
struetion of a road along a hillside alters the whole system of natural 
drainage, and iiuprovemerits to the drainage are generally necessary as 
a result of the first rainy season after the construction. Improvements to 
drainage should be regarded as an important duty | they include pro*^ 
viding additional culverts etc, (as new works) in addition to improving 

Side drains on all roads are seldom big enough in 

the first instance, and can only be kept in order by constant attention. 



A good road in hilly country will soon be ruined during the rains, if 
incessant atteotioin is not given to clearing the side drains and removing 
small slips as soon as they occur. 

For this reason the strength of road gangs should generally be 
increased during the rainy season, on hill sections liable to slips. 

In the plains it should be seen that water does not lodge between 
the foot of the road bank and the side drain, but that sufficient outward 
slope is given right across the whole strip of land between road 
boundaries. On very flat irrigated hinds special care must be’ taken to 
provide proper outlets and well graded drains of sufficient capacity, so 
as to prevent waterlogging of the subgrade. 

For the saiiie reason the side drains must never be used as irrigation 
channels, and encroachments of this kind must be stopped at once. 

, In certain classes of alluvial soil side drains sometimes develop 
■'Infu-deep. which ’ threaten the existence of tlm 

roadway. One way of dealing with such eases is to divide up the 
watercut into sections of suitable length, and form each section into a 
gentle slope (say 1 in 100) followed by a sharp drop, which must, of 
course, be revetted like a dry stone retaining wail witli foundations taken 
several feet below the next step. The top surface of the wall should be 
given a fairly sharp dip to confine the flow to tlie centre and discourage 
cutting round the sides, and in addition for some distance immediately 
above the crest of the wall the ground must be plugged or well rammed 
to prevent water getting down behind it. The foundations of the wall 
sliould be protected with a cushion of large loose stones sloping upwards 
till they merge into the next flat portion or step, thus forming a water 
cushion. The fact that such treatment entails heavy expense points to 
the necessity of taking very early action to prevent cuts from getting 
serious. (See also Chapter VIII, paragraph 15.) 

38. Charing drains^ cuherh^ ele. — Side drains eatelnvater drains, 
culverts^ catch pits, scuppers, and causeways must be systematically 
cleared by the regii!*ar road gangs. Special arrangements for extra 
labour are usually necessary on hill roads after heavy rainfalls, but 
except in such eases the regular road gangs must be made responsible. 

MaIKTENAN-GE OV llOAB STEUeiirEES AND EoAB SlCNS, 

Si* Moad sh'iteinr^ and l^oad Signs, — All road structures, particular- 
}y lacludisjg river protection works, must be systematically ancb periodic 
ealljr inspected, and emergent repairs carried out without delay, 

Lack of attention to systematic superTfsion ©f this nature leads to 
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&ue!i meidents as eiilverts eollapsing under traOie, e&useways being 
SCO' tired out and dest4'ojed,/a-nd bridgeS'being .-rendered unstable* 

■ , . Siieb itispections inust lie made ''at' leasts a t!ie eommenoament^ . 
eiiif of the -rainy season ■ ' „ ■ 

.■■ v'' ''D ':sigh's, inilestoiieSj 'ete,,,' sliould laA: aimiudly:' 

reitainted; w;beri.JuiKi's^: permit,. 'and - emergenfcly’ repaired'; ' at ^otHer tinies ■ ^ 
when essentia i. Danger signs in partieular must aiwajs be kept in good 
order« Stee! work mi bridges, ete., must be periodically repainted* 

Petty repairs to' and' renumbering: of oui verts, ■ete.pshonl^i be.'si'inilarly 
:done'a!iniially, . ' • '. V 

MiOA'D GaHOS^ :',:'. '.'V; 

Addeiri'luties of imd 'gangs' are 

(I). ■ 'lk>. remote 'all loose .stones', glass, .nails j.diorse-shoes, ete*.5';V't-riHn':;. 

nietal'teddoml'way ondheir way to and'from work.. ;,'v:Thisds^':' 
most iiiiportant on all motor roads, and must be insisted on. 

(3'.)'; 'Clearing drains, 'en'l.veftSs caaseways,..,:ete.'''' f ',^'3 
''.Upkeepmf.berffi'S,/'^ ■ 

;.(0)'';RBmo,viiig slips,.' 

,:(f'p,' I^tty:T6pairs:':.tO'.'djry.^';S,tdne;Wa|ling',:..e^^^ 

(8) Reporting to the Siib-Overseer in elmrge of their section any 
damage to culverts, walls, etc., wbbh they eaimot repair and 
particularly any unauthorised tree cutting, 

36. Gonipimtiou of Road Gan^s,—A road gang consists o£ a mate 
and a certain number of coolies, whose ba?ifc should not usually exceed a 
section of 6 miles. The strength may vary from a mininuim of one 
eooty [)er mile upwards, according to local conditions, but it is essential 
tluifc the gang shall work in a body under the mate, that their duties 
shall be prescribed daily or weekly by the Sub-Overseer, and that the 
hitior shall measure up their work regularly and enter it on the muster 

Each mate should always be held responsible for the efficient main- 
teuanee of. the section of road in his charge* A combiaM system of 
lawards and fines goes a long way towards aeliieving efficiency. Piiaish- 
ing individual road coolies is of little use : tlie mates should be dealt 
with,' 

A regular equipment of tools and plant (rammers, pickaxes, shovels, 
screen, gauges, and hand roller for berms), shouM be provided for each 
and held in charge hr the mate, and where n^es^ary a' tlonkey 
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with pakbiils or tin^ blioiiid be attached to each gang for carrying water 
for road repairs. 

87. 2Iidk.~’FQY the upkeep of roadside trees, malls should be 
empiayed in ehaige of definite sections of road, with attached water 
donkeys only if wells or irrigation watarj etc,, are not near the road. 
They ^dmuld be held responsible for the trees and roadside grass within 

■ tdiB; road 'bovindaries 'in their seetionSj ''md ■ for reporting at , once' all 'cases' 
of wilful damage beyond their control, lleeords should be mamtaioed 
of the approximate numbers and descriptions of trees in their charge, 
deluding partieidarly young trees, in order that their work may be pro- 
perly suf^ervised ; a system of rewards or lines according to results is 
effective In their case, equally with the mates. 

88. — All regular road maintenance personnel, including mahs 

'^houid be piwided with distinguishing badges. A suitable system is for 
the. mates and malis to wear a M.E.S. Chuprass with appropriate desig- 
nation, aiul for mates, malis, and gangmen to wear a coloured red) 

■pagr'L ■ . ' ■ 


Maintenance of Boat Biudoes. 

89. Boat bridges and ferries on Indian roads are 

nmintaiiied in accordance with local speeihcations and rules, a special 
establishment of boatmen, etc., being pannaneni.ly employed at each 
■■ "briuge. 

A general description of Boat Bridges is given in Chapter A^Ij para- 

Attention must be given to the following points 

(i) Proper maiotenaiiee of anchorages, superstructure, and boats^ 
and prompt replacement of defective parts. 

(ii) Provision and upkeep of w’arniiig, trafiie eapaeity^ and speed 
limit road sign (see Chapter IX). 

(iii) Provision and upkeep of gate barriers, and red lamps, for use 
at night and when . the bridges are unavoidably closed for 
traffic owing to repairs, etc. 

(iv) The perpetual presence on the bridges of duty boatmen, and 
watchmen at night, 

£v) The annual replacement of portions of the boat bridge equip- 
ment, according to the life and wear of the var ous parts. 

Teaffic Conteol. 

40. Bampj's atid^^DivemoiiiS , — Adequate barriers and warnings musk 
be provided at the ends of stretches of road under repair* These^ 
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be lit at night bj red lasnps, and wateluiien pointed at them (see 
Chapter IX, paragraph 4). 

- Care must be taken that suitable diversions for traffic; are provtcled.:; 
when the road is blocked foi" repairs, and that tliej are properlj, inaio- 
tainedo' . 

. 11 breaches., OB ro,ads' due to floods, etc., .wbieh eaiis-a 

a stoppage of through traffic, nnist be at once reported by the Assist- 
ant Commanding Koyai Engineer to the local civil and nnlitavy autho- 
rities, and also, except where they are of miisor importaee, to the 
'superior Engineer, authorities . at Distiict^;;, Command, aiid Army 'Head-; 
qniirters.’ 

The- reopening of"the road to traffic, by •provision., of , a ''diversion ,or 
repairs to the breoeh, must also be similarly reported, 

la the ease of breaches on roads inside Canton inetU/s, other than 
through trunk roads, no special , immediate report is neees.sary, except 
locally. 

4^. Speed Itmits , — Unduly fast running by heavy mechasiical trans- 
port ruins the best of macadamized roads by causing corrugations 
(apart from pot liolas), wiiieh rapidly increase once they have started, 
Wliere there is a tendency of this nature, or when the volame of traflic 
necessitates it, the speed limits must be enforced wifcii the aid of due 
Military or Poaca authority, I'he speed limit for M. T. Convoys shoitld 
not exceed miles per hour in the plains and 10 miles per hour in the 
hills, apart from speeiai s[)eed limits enforced for all classes of vehicles 
in dangerous sections. Speed limit notices in n.st be posted at all such 
places, iiichiding bridges which will not stand mechantcal transport 
convoys and heavy vehicles at normal speeds. (See C-hapter V, para- 
graphs 28 to 37 and Chapter IX, paragraph 4), 

MAlKTENiiNCE OF Un'METALLED llOABS, 

43. Unmetalled mrt With the exception of metalling, the 

instructions regarding the maintenance of roads applj^ fnliy to un- 
metalled cart roads. * 

Where light rough metalling, as described in tbe general specifica- 
tion for uametalled cart roads (Chapter lil), has been given on soft 
grouiidi this should be maintained, and improved similarly^ to draiimge, 
by the- road gangs, 

44. Pack tmmparl pack transport roads the roadway and 

drainage, and any etriictiireg provided, together with road signs, should 
be maintained upon similar principles, as applicable. , -r\_ “ 
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Daring the rainy seasons, small bunds shoiiid be made by the road 
gangs diagonally across the road in hill sections, wherever there is a 
tendency towards surface scouring. 

lMPEOVBMENTa«"V''v''\ ■ 

'■';V s’. Tv ''''v ^ 

45. Pefif improvements in the nature of origi- 
nal' works be, done ' as repairs, but’ petty ' improvemen'ts/.such ,as 

cutting back corners, improving side drains, improving caisiber and 
super-elevation, etc , can and should be done by the repair staff against 
maintenance estimates, as oppoftunity offers and funds permit. 

' . : M» ‘Imprmemeut^ 'hpiiri 'a,n 

existing ,cart,;;rpad’:;ifc;;fe:^^vbe;.l>rpugkkhp-’,> 

ineraasing.j,.,widening,,,,^a .bridges and culverts,' ancl'linpro- 

be brought: apkc^standard'.’in 'Abe- 

4hjSlhessyas;w 'v. 

In the ease of improvements to an imsoled metalled cart road 
(except on rocky ground or hard eonglooierate) the road must be im^ 
proved with suilieieiit metal to bring the total consolidated thickness up 
to that laid down for metallingj^/?^s soling for the class of road desired. 
On rocky ground or hard conglomerate, the* total thickness of unsoled 
metal, including the old metal, need oiily be braught up to the metalliiig 
tliiokness kid down for the improved standard, where necessary. 
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Esiimatiiiig* 

intyodiictory — Road. Construstiaa Estimales — Road Repair" 

.EsfimMes., v-,,'-;' ■' 

iNTilODUCTORY. 

1. --Methods ol' preparation o£ estimates, and certain 

prooediire for exeeutioii of work are given in this Chapter as a guides 
they should be adapted as necessary to suit local circumstances* ^ 

These instructions should he read in coujuncbion with the relevant 
chapters on road coiistruetion and maintenance. 

IIOA.B COKSTIIUCTIOM ESTIMAI'KS. 

liqad .Cojidrnaiiou Projeels,— A ^voul project for admifiistrative 
sanction should ordinarily be composed of : 

(i) A report, including a general description*' of the road, and 
of tlie work proposed. ' . 

(ii) A general speeifieafcion, appended to the report (a reference 

to standard specificatioii&> supported by an. explanation oi 
any deviations therefrom, and inc hiding general s'-peciiSca* 
tions for all road structures, will sutRee, where iippli-, 
cable). 

(iii) A skeleton map, showing the road alignment on a seoje of 2 

inches to I mile, on which the limits of sections of the 
road, bridges and causeways, should be marked, 

(iv) Abstract estimate of cost, 

3. Sections, of Road Edimaks ^, — For convenience of estimating and 

construction, a road, if more than 6 miles long*, may be divided into 
suitable sections, usually of length from 4 to 10 miles. , ‘ 

The following should eonstitute separate sections of a road 
project 

(i) Estimate for preliminary survey. 

(ii) Estimate for large major bridges, inoludihg their approaches, 

defences, and training works, as applicable. 

4. lienu of Road Estumtes^ — The abstract estimate for a road, or 
for each section thereof, should be complete under the following items 
as applicable 

' . ^ I. Road formation, ' , ' 

Retaining walls. y, • - ‘ - 
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III. Training works* 

IV. Drains. 

' V. ScuApers. 

VI. CuulerfeS'. 

VII. Dressing and rolling formation, 

VIII, Road parapets. 

IX, Metal stacking places. 

X. Soling. 

XL Metalling. . 

XIL^^.Caiiseways.'' 

XIII. Bridges.' 

XIV, Road signs (Warning, etc,, signs and mile and furlong 

stones). 

XV, Sidings and Parking Places. 

XVI. Land compensation* 

XVII. Accommodation (teinporarj accommodation, where necessary, 
for staff, labour, stores and offices, also rest houses). 

XVIII, Water Supply. 

XIX, General contingencies, including works charge establishment^ 
flood damage repairs duting construction, special took and 

XX. Political charges (where necessary in Frontier Districts), 

5. Large Mridge Projects, — A large bridge project should ordinarily 
be composed of ;*—• 

(i) Report, 

(ii) Genera! specification, 

(iii) Calculations for waterway and foundations, and for loads. 

(iv) Sketch map showing catchment area (scale about 16 miles 

to I inch will suffice). 

(v) Site plan and cross sections (as described in Chapter VI), 

{vi) Abstract estimate of cost, 

6, Items of large bridge estimate for a large girder 

bridge, for administrative sanction, should be drawn up under the 
following items, as applicable. In the ease of bridges of other types the 
same general principles should be followed. 

I. Training Wurks, 

' ill. Piers and Abutments. 

III. Bridgehead Defences, 

IV. Supply of superstructure steel work, 

V. Erection of suporstructura steel work 

VI. Bridge roadway,, ^ • _ ' . '■ 

VIL Approaches. ■ ' ■■ 








■..Fill, Land compensation^ 

IX. Accommodation (teinp(u*ary acf-ommodation for staff, labour, 

■■■ aml'storesy .wiiera' 

X. Establishment. 

Xl. Special tools and plant, 

Xn, General eoniingeneies, ineludini^’ flood damage repairs during 

Xni. Political eiiarges (where necessary in Frontier Districts.) 

7. (>/ — Skelton abstract estimates, for a road sec- 

tion and for a large girder bridge, are appended (Plate-s LIII «nd LI Vb 

These illustrate suitable methods for the calculations and Explana- 
tion of the amounts shown in the abstract estimates. EKplanations of 
rates o,nd costs need not be repeated in successive estimates for. sections 
of a road ; tlmy should be esplaineii one in each ease and the original 
explanation or a|>proYal should be cited subsequently. ' . . 

The item shonkl be amplilied and modified as necessary to suit 
varying requirements (<?, y., protection and other palitflcal charges,, and 
Serais for labour^ are particularly applicable to roads in Frontier Dis*^ 
stricts, and Bridges, etc., of different types require different items and 
sub-i tarns), , ■ 

, 5 per cent, for contingencies sliould be allowed in the roiigh detailed 
estimates supporting the abstract estimate items. 

8 RoatU in Cantonmenff ^. — In the ease of roads in cantonments, a 
road project should consist of - 

(i) Report. 

(ii) General specification, 

(iii) Section of cantonment map showing the road, 

(iv) Abstract estimates of cost, in suitable concentrated form, 

9, General conimgencies . — The general contingencies provision in a 
road or bridge estimate should not ordiiiarily exceed 6 per cent. 

In the case of Frontier road projects, it may be Increased, ordi- 
narily to not more than 10 per cent. Special orders trre necessery in, 
such cases, , ' ’ • 

10. Belftiled Estimate , — Detailed estimates for the various sub- 

items of a road or bridge project, for technical sanction, should include, 
as applicable ; — * . — 

.(i) Sheets showing the detailed survej^ of the road above with 
the longitudinal section on the same scale . below , levels 
and gradients of the natural ground and proposed road 
shonkl be given , the sites of scuppers, culverts, cause ways, 
and bridges should be marked and numbered/ 
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(ii) Transverse sections. 

(iii) Detailed drawings of all structures proposed. 

In estimating for earthwork, the method .shown below will be found 
to be convenient for the caleulation of quantities. 
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OGhaiuaga 

11*72 

2-0 

... 

'€»K". 


... 

... 

/"V- 

45^ ' « 

lk23 

8 67 

1 0*4-8 

5.33 

45 

472 

240 

472 

H5- . „ ' i 

01*66 

29*50 

85*4-6 

19*09 

100 

3,545 

1,909 i 

85,46 

„ 

21*25 

24 22 

4.1*45 

26*86 

. 100 

4,145 

2,686 

41,45 


8,6 

67 6 ■ 

' 14*92 

45*91 

50 

776 

3,296 

2,296 

etc. Vi. : 

60.3 

55*1 

34*45 

81-35 

60 

1,723 

3,068 ■ 

3,068 


II. Jtoad Project — The following remarks apply parti- 

cularly to Frontier road projects :~ 

(i) Political eharge*^, which are peculiar to Froiitier road jn’O- 
jects, piirticukrly in trans-Frontior districts, must be assessed 
in conjaetion with the local Political Agent through or in 
conjiietion with whom all payments to contractors and tribal 
labour are, as a rule, to be made, ajid contracts for work 
. eoneluded, ' 

(ii) Political charges include ; — . 

Protection (k <?., cost of tribal guards or badragas.) 

Land Compensation {#. cost of acqusition of land compen- 
sation for crops, irrigation channels, water mills, treeSjf 
and graves, displaced by the road aligiiftient, etc.) 

Royalties on work done by contract (where leviable) 
Miscellaneous political charges e. y., M. W. share of expenses 
of Jirgahs at which contracts, etc. are discussed or 
settled.. . ' 

(iii) All expenditure oii political charges must be certified in each 

case by the Political Agent and thf Assistant Commanding 
Royal Engineer m being contingent upon the proper execu- 
tion of the work. . 
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(iv) 111 eases o£ speoial einergenevj, tlie waiving of detailed esti- 

mates loiveer tain items js somefcinies '; speciallfsaiiefcioned' ' by :: 
the Goverament of India, : — 

All earthwork items, ' excavation and. filling for road . . 
, formation, sidings, drains, and metal stacking' piaees), ■ 
Retainixig "Walls, 

Political Charges, 

Tempova*7 serais and godowns for labour and stores. 

In such eases, which require special sanction, all measuremeids 
of work, and all bills, must be xuade or cheeked by a gazetted 
officer, upon which condition such sanction is contingent. 

(v) In special cases, in wdiicli, by reason of emergency, estimates 
for short sections of the road are prepared and sanctioned 
serialm as the survey proceeds the whole of tlie section esti- 
mates may be incorporated into one omnibus abstract estimate, 
and an omnibus sanction accorded tliereto, in replacement of 
the separate sanctions to estimates lor successive sections 
directly the estimate for the last section has been prepared. 
The items of such an omnibus abstract estimate, which 
does include preliminary survey or large bridge estimates* 
comprise the main headings I to XX (see para, 4), as appli** 
cable, each item comprising the total of the amounts, 
included for the corresponding item in the seetidu abstract 
estimates y this permits of free co-ordination of work and 
expenditure throughout the road. Such eases require special 
sanction, 

1^, Repairs under traffic * — Supplemeataty works divertiohs), 

and repairs, necessary on account of a road ^ or section df a road, being 
opened and maintained for traffic before its construction has been completed, 
should in no ease be charged to or included in the project for "the cons- 
tiTietion of the road, . Such repairs and works, and the maintenance after 
completion o£ a new road or section thereof, or a bridge, must be esti* 
mated for and financed seperately. 

18, (hmpUtion Mapn , — When any new road hi^s been eompleted, a 
correct plan of the road will be sent to the Surveyor-General in India 
by tlie Commanding Royal Engineer concerned ‘ 

Roas^ Rev aib 'Estimates, , • ^ 

14 Repair Estimate Forms*^^^o forma for use in estimating for 
road maintenance are illustrated in Appendices LV and LVI, vtz*^ Form 
1 Estimate of Average cost of Road Maintenance^^ and Form % 
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Abstract; Estimate of Remefcalling (detail for sub-head II of Form {!}, 
These forms, under the system here described, are in use with success in 
IST. W»F. Province ; the system, with suitable modifications, is suitable 
for adoption elsewhere. 

15. Estimate of myevage e^^yentlitnrei.~^Qxm 1 shows in abstract form 
for each road (or in Cantonments or Civil Stations for suitably classified 
/groups of J’0a3s)^;t^^^ ayeiage aiuu.ial:;expeiiditut^^^ required under - five parte ;.. 

Part , I— Maintenance (ordinary), 

: II™EemetalIir5g. ^ 

„ III™ Maintenance (special). 

IV~Speeial charges.' 

V“Arborieulture.. ■ , 

The figures in Form 1 represent averages throughout, and will only 

vary slightly annually till sufficient experience has been gained ; changeB 
in rates and the mcidence of traffic will also produce variations from 
time to time. 

After the figures in Parts I and III to V have been scrutinized and 
passed by the sanctioning^ authority, an allotment in full will be made 
representing their total the total of Form 2, and this allotm'ent must 
be tnade to cover all normal expenditure. 

Form 1 should be submitted to the Commanding Koyal Engineer by 
"ISfch February. 

16. Abnorwal Flood BamageB, ^^AhnonivA expenditure due to special 
flood damages will be financed on demand from the central reserve kept 
by the Com manding Royal Engineer or Chief Eogmeeiv It therefore 
lies with Assistant Commanding Royal Engineers to submit demands for 
Extra grants due to floo<I damages when and as they occur. It is in- 
correct to finance such abnormal repairs from the average grant and 
make a lump sum demand later on when submitting the statement of 
changes in grants in the autumn. 

Assistant Commanding Royal Engineers will, however, put in hand 
really urgent flood repairs at once, reporting their action with a rough 
estimate of funds required, to be followed as soon as possible by an 
accurate demand based on detailed estimates, on receipt of which the 
extra allotment will be made. 

Arising from these instructions it follows that the average demands 
first entei-ed in Form 1 should be made on the assumption that no 
abnormal flood damages will occur. Hence even if the necessity for 
sorne abnormal repair is known when Form 1 is prepared, funds for its 
execution" are to be demanded separately and hot included under the 
appropriate sub-head when preparing Form % 





m. 


ABiioriimrilood .damages include sncH things as the- destruction or 
serious damage of permanent work and oiiusoaHy heavy slips or cause- 
way clearanees,- ' 

.17, Jhirael EstMate qf Eemetaiiing:^ avern^. expendi- . 

tore on remetal I log is entered in Part II, of Form I $ the , acf/ual ' amouot 
required for the coming y.ear is carefully estimated and shown in Form 
Its ;..preparatioii demands' the inspection . , of .every .road referrad .to [in... 
/Chapter ;X>''.paragT^^^^^ 

'■,Foimr.2\s!ro,iild be eahmitte^ to 'the Caninmnding 'Boyal.'Eiigineer by ■ 

■5th .Jail oar j* . 

. During Jjmmuy the Commanding Eoyal .Engineaiv should,/ as' far as 
possible, ' tr«a verse every road,' with ' the Assitant CVnmnanding -Royal 
Engineer coneerned, and pass final orders -regarding reiriefcalliug so that 
by the 1st Februa.ry at . latest A,,ss!Sta.tit .Commanding Iloyal. Engineers 
will be able to place orders for metal collection for those .miles which 
can best be eonsolidatad in April and May, This will enable every 
sub-district to obtain a mueli larger output per steam roller tlmn 
otherwise^ whieli is essential for economic reasons. 

Columns 8 to 12 inclusive of Form 2 are only required for record in 
the Commanding Royal Engineer's ofilce, and must show acHal 
mirrmi the items coiieernedj and not schedule rates on which 

an unknown and variable percentage has to be added to make them 
comparable with x^ates in other sob-districts. Details of rates are not 
required to be submitted with this form. The figure entered in Column 
34 must represent the actual funds required to complete the mile 
concerned, after inaking allowaxices for any metal already at site, 
replacing reserve” metal, etc. There is no room on the form for any 

Column of remarks, but when explanations are neeessaiy, they shduld 
be entered on a separate sheet. 

From the above it is clear that the figures entered in Form 2 require 
the careful scrutiny of the Garrison Engineer and Assistant Command- 
ing Royal Engineer, as they represent actual requirements, for re- 
metalling for the year. 

Once the grant for this part of Form 1 has been allotted, the 
Assistant Commanding Royal Engineer lias no power to depart from 
the detailed programme of rametalling approved by his Commanding 
Royal Engineer, without previous authority, and consequently can only 
reappropriate from this to other parts of Form 1. 

AUotmenk^'^A.B noted above, Form 2 is due by 5th January, 
and Form 1 by 15th February, Allotments in full should be made as 
early as possible after 1st April, for'eaoh road or group of roads* 
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Assistant Commanding Royal Engineer have no powers of reappropria- 
tion between the allotments so made, and may not exceed any allot- 
ment witlioufc fu’st obtaining an extra grant' (except as provided in 
paragraph 16 above). 

19. Accounts will be maintained for each road or group 
of roads strictly in aeeordanee with tlie sub-heads entered in Form L 

20. Gomwen-cemeM of ivork, — Sanctions given by the Commanding 
Iloya! Engineer or Chief Engineer to Forms 1 and % are authority for 
expenditure in advance of allotment ’ivitliiii the anioiints sanefcionedj 
such expenditure being incurred against detailed estimates to be 
sanctioned by the Assistant Com inanding Royal Engineer himself, as 
required. 

21. AdiUHonal ym/i^.<?.™Applieations for extra gratits must be 
aeeompanied by a clear explanation of the necessity and an abstract 
of the amount demanded under each part and sub-head of Form 2. 
As stated in paragraph 16, such demands are always to be made when 
and as the demand arises, so that the Commanding Royal Engineer or 
Chief Engineer shall be made acquainted with the cost of serious storm 
damages immediately after their oocnrrenee. 

22. Rond BollorSf — When submitting Form Ij Assistant Command- 
ing Royal Engineers should attach to it ■ 

(i) A statement of road rollers required for the execution of the 
renietallifjg programme siinetioned in Form 2, 

(ii) An estimate of the cost of ordinary repairs of road rollers. 

(iii) An estimate of the cost of moving rollers or of paying their 
Crews when the rollers are idle although fit for work. 

As regards (i) i-^-The number of rollers is to be calculated from the 
total cubical contents of new metalling as sanctioned on Form 1 divided 
by the average output per roller per working day in cubic feet. The 
total of roller working days thus obtained is then divided hj a figure 
representing the estimated average output of working days per roller^ 
The calculation is to be reported in detail with an explanation of the 
data on which the variable factors are used. The statements will 
enable a proper distribution of all^ available rollers to be made early io 
the year by the Commanding Royal Engineer. 

As regards (ii) s — The estimate for road roller repairs should exclude 
the cost of running stores and spare parts, the former being debited to 
coBsolidation and the latter to Tools and Plant, This estimate is in 
fact intended to cover the cost of tifO annual overhaul in the Work** 
8^bopSj..wbiiBb shbnld always be 'carried Out during" the’ bOt'eea'ion/ tiid ^ 
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it must; cover the wages of the t?re\vs when retaiiiecL Owing to tlie 
siiiall amount of funck untleivTools anclPlantj it; may,' often' be .'necessary 
for the Gomiiiancling llojal Engineer to allot- funds from Ms road, .repair 
.grant to meet,, the ■ cost of the,'' above 'estimates, ^ which, .liowevers are. 
properly debitaMe'to the Tools and Plant grant,' 

(iii) With proper. :iulniiiiistrafeioii:'''an^^^ ' foresight ' the; 
■axpei,M.itiire::'iaH:le:r''tlu be smalL, ,- .As-it cannot correctly .be^ 

:e!jargei,l'.fo,.,an 3 r''|:)jy 'road, .it i.s.'.-.imtb'onvenienfe- ;or eo.rrdefc:to. allow'- 

for it under, ail}'- of the s'uWhe'adS: .'o£:Porm l.,,'so this' separate ' general, 
'estimate 'is'neeessaiy., 

23.' Sepairs' U duiidtngs,-^Attent\oxk ' should .be paid . to .tiie’ ne6es,sity 
f)f charging the repairs and ebowkidari of airbuildings debitable to roads 
or eornmiinications under the a-ppropriate, items in Parts III and I¥ ^ of 
Form.,,!.. 

■.e&dimate^^—On a-'separate 
sheet attached to Form 1 should be given the following information, as 
tiiere is no room for it on the form itself 

(i) Names or descriptions of buildings, and their capital costs. 

(ii) Necessity for special repairs of above (if any). 

(iii) Current wages for road coolies, mates, uuinshis, mali and 
eliowkidars. 

(iv) Explanations of all notable variations from, amounts last 
sanctioned on Form 1 (Excluding Form 2). 
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APPENDIX I. 

Swmnurf/ of ndrny dimmsious^ ete.^for meinlled roads 


■Itenis.' 


Lmid mdth. 

(a) On Irrigated or cultivated land oi* flat plains- 

vNormai', ■■■. *.*' ,■ ’ 

(b) On barren Mil sections' 

(a) Ruling ... ■ ■■■ , ■...■■ ■; ' ■ 

(b) ;:::Ma3aixmm,'-/^ .Ac ; A.v. ■ f AA. ■' 

■; rd .■ ■" f " , 

;■ Centre line of roadway— ,A . ■ : , 

{ a) Normal minimum 

(ft) Minimum at zigzags in bill sections 

Super-ekvation curves. 

Normal 


Width of roadway. 

Clear width at formation levels excluding side drains 
and parapet walls— 

(a) Normal 

(b) In straight through or side cuttings in bard x'ock 

..(c) On full embankments exceeding 18"' in height 
and In sharply curved, and blind through or 
side cutting^, or sharply curved approaches to 
bridges and causeways ... 


Class I. Class 11. Class III 


Ail classes, 60' 

Sufficient to allow for cati'Ii- 
water drains and for stacking 
metal roadway. 


Ail classes, 1 in 18 
„ 1 in 10 


All classes, 60' 
„ . 35' 


AH classes 1 in 10 


24^ 

20^ 

27 ' 


20' 

18' 

Mm 


18 ' 

16 ' 

22 ' 
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Items. ■ 

Class I. 

Class II. 

Class III. 

(tJ.) fr. timnelH ... 

18 ' '■ 

18 ' 

: 12' 

(£?):' lirtnetalled 'dips"' '* , 




Outer slopes vfBmlmnkments.. 

. .{a) Up to-2"liigli .... , ' ■ 

M. 

r 

classes, ;'l’ 1 

n 4. 

(/:t) Over 2' high ... ... , . ... ■ 

Natural slope of soil. t 

Height of $ub grade. 




(a) In hill seLtioiis 

' All , classes, mL , 

(h) In plain sections, normal minimum 

. ■ 99 


e' ‘ ■ 

Roadnde' drains. 

(a) Minimum width ... ... 

All classes, 2' ' 


(h) Minimum depth 

. ■9>. 

■ IS'-' 


Width of soling. 

V more than metalling. 

[h) On high sandy hanks or close to high bridge 
abutments, and in metalled dips ... 

Clear roadway width. 

(c) On culverts and biidges metalled throughout 

Width of metaUiag. 

Thickness of soling 

Before consolidation— 

(a) Nonnai, using quarried hard rock of large 




boulders 

/ Ail Classes, b" | 

(6) Using small boulders or softish material 


Qff 

(c) On embankments and other .soft subgrades and 
in metalled dips ... ... to 


» 9 ' 

' to 12" 

Width of metalling. 




{a) Normal 


12' 

9' 

ib) On curves of 100' mdius or less having a sub- 
tended angle of 45° or more ... 

2o' 

W 

12' 

{c) On bridges and culvei;ts 

Full width between wheel guards. 

Thickness cf metalling. 




Layers before consolidation 

2 X 4i" 

1 X6" 

•flllllR 



MILITARY ETOIOTRR SEUVICEB KATOBOOK, 


Items. 


Crown slopes— 

(a) Normal in straights 

(b) On curves 


No camber, super-eiev^ation 
cross slope. 


Width of berms. 


{a] Clear width of roadway on eitlier side outside 
metalling excluding road parapets and side 
drains, normal 


range 


(i^) Overall width 


Slope of berms 


(&) Norma! in straights 
[b) On curves 


All classes, i in 40 


Super-elevation cross sLjpe. 


Width of. culvert So 

(Total length between abutments not exceeding 20'). 
Clear width between %vheel guards — 

(£f,) Normal 

(b) Miniraiim 

(c) Maximum 




Width of scuppers. 

(Paved dips not exceeding 20' span) ... 

Width of bridges. 

Minor bridges:-*-tQtai length between abutments not 
exceeding 300^ 

Major bridges:*— total length between abutments ex- 
ceeding iOO'. 

Clear width between wheel guards— . 
in) Normal ... 

{h) Small bridges oh sharp curves 
Strength of bridges and culverts .... 


Ail classes, formaiiou width 


Calculated to take 12 ton steam 
roller with 25% impacts 
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Items. 


Class III I 


Width of causeways. 


Overall Width 


Width of over -flow bridges 


Overall width 


Height of parapets and hand-rails . 
Above road surface, normal — 


[а] On roadside parapet walling 

(б) On culverts 

(c) On bridges ... . 

Head-room in tunnels and overbridges, 

(a) Over centre 8' of roadway 

(b) Over side of roadway minimum 


All classes, 13 


SUdings, 

(When specially ordered) 


Koriiiai dimensions- 


(a) Maximum length 
■(?)) 'Maximum'' ■■ width . 


All classes, 68’ 
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PLATE II 


■f iai/af Dimms 


Serm Slope (a 
. ponff'Pt/af/m. 


C o fhe- <^pm6er £/t/en b£ fbe cf'om j/opej: jpef/ti'ed 


^KA mmBOL/t Lt/Pl^p-. 


Dyefe /(C p/n/ CS htc^a m/nibep cfe^al pecti py number as jhdWli 

Join 3*3 efc. The Merior points (f hjersect/on pre eitlbeeiam 


/ « nnpk of interpecfhn. ef T&mmfs mstmm. M^ raShij 
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APPENDIX III. 

Smnmary of niling AmendouH^ efc.,for nnmetaUeil rqmlB 


Land imdth 


(a) On irrigated or ciiltivatable land, or flat plainsj 
normal 


(h) On barren hill sections 


SuBicient to allow for catcb 
water drains 


Gyadients. 


(a) Ruling 
(h) Maximum 


Radius of curves. 


Centre of Roadway 


(a) Normal mmimum 

(h) At zigzags in hill sections 


Width of roadway. 

Clear width at formation level,, excluding side drains 
and parapet walls — 

(a) Normal 

(h) On full embankments exceeding IS^' in height and 
at blind corners 


Supp&r^ekvation on curves 


, Normal 


Outer slopes of embanhnien 


Height of sub gmde, 

(a) In hill sections , 

(h) In plains sections, normal minimum 


Roadside drains 


{a) Mini mum width 
fb) Mfhimifm depth 
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j'i . 

I J " I 


IIP 

iii? 




ill 


Items,- 

■Class IV. 

' ' ■■■■- " ^ 

Class V. 

Class; VI. 

■■ - '' ■ ' ■ 

Camber of road surface. 





Cro-wn slopes, normal 
( b) in hill sections 

Width of culverts, 

(Total length between abutments not exceeding 20') 

' Clear width between wheel guards, normal 

Width of smippevs , - 

Paved dips not exceeding 20' span 

Width of bridges, 

(Minor bridges, total length between abutments not 
exceeding lOOh) 

(Major bridges, total length bet\reen abutments ex- 
ceeding 100'.) 

Clear width between -wheel guards normal ' ... 
Strength of bridges milveris. 

Normal 


i in 30 


1 in 20-30 1 in 20-30 


Width of causeways. 


Overall width 


■ 0\^era3I width 


Width of overflow bridges 


12 ' 


{ 1 in 20-30, or cross 
slope 1 in 20-30 


(where neceBsar-y) 
10' f S' 


( where necessary ) 
Ail classes, formation width 


10 ' 


Calculatedi 
to take 12] 
ton steam 
roller withj 
25% im- 
pect. 


12 ' 


12 ' 


B eight of parapets and hand-mils. 
Above road surface, normal— 
f roadside parapet walHng 
(i') On culverts . • . ; 

(e) Oixbridge.s. ,,, 


('where necessaryj 
8 ' ) 8 ' 


fwhei'e necessaryj 
Calculated to talic 
Infantry crowded at 
a check,* 


■,AiIcIasses,/„2';' 


iiilsii 
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PLATE IV 


TMSNJ 


C eAPH/CAL CommuCTfON 
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Si/^ M 4£<^£Ar'^ 


cos e— v'eos'*E— eos®0 
e==cos®e — . 

eos e-j-^eo$ ^ 8— cos "& 
^ cwHs 
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PLATE VI 


W fo/^S. K^/>SS ^ io 

f - Max Stress ©o faan^&tmm(its. perSq, Ft). 
For ^Jarcharged F/t/J^^ SaseM^fmrd/ars^ ^ 




Abtffrmnfs 


I Minimmr) Depth of fourtdatto/p 
Miow (Seomd fevet -Si F* ^o 

Retain/ns Wkis rap Water 

11 ilmp ^ \&^ff 

, JleiSHX MWH .JPPff 


mn 

25© H 


T. , A&H ^ 7 , .7SH ^ ■'Xu-SiMT' 7 [^ 

Nofe D/sper t^/aes are far L aPe Carcrehe W/s 

lomr ffh/msjffre ibr dhnmfCmrre^ <*** Stow HkFs. 
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TABLE VII- 


Level Fill 
B;H Equals. 


Equation Type of wail 


Face Vertical 


Vertical Back 


Rectangular 

Section j., 
Symmetrical 
Section .. 
Facen 'l Back 
Vertical 


EQUATION No; 


Values of B/H, 


Angle of 
Internal 
Friction. 


Rectan* Symniet 
gula?: ricai 

Section. Section- 


Baclc 

Vertical 


Vertical 


Slope. Degree. c 

toT a 1 

1 to 1 45° *17 

litoi ■'"ir ^25 

1| to 1 a4° ’28 

2 to 1 I 27° .a fi 

p=^Maximum Toe pressure lbs. per sg, 
it. Factor ot Safety — o ver tiirain g 

k— TiTltoT 53 ° "”11 

Itol 45° -17 

ii to f 37° -25 

li- to 1 34° -28 

2 to X 27° 1 -38 

P—Maximum Toe' pressure lbs, per sa. 
ft. Factor of Safety— overtiiriiing-. 

K-i'Oo I i to 1 i ^ 

1 to 1 46° -17 

li *0 1 37° '25 

Xl'tol 34° *28 

/ 2tol 27° ^ 

r p— Maximum Toe pressure lbs, per sa. 

I ft, Factor of Safety— OTertnraiiagr, 


•41 83 -33 -32 -3q_ _JQ 34, 

W i4 ~ -41 -40 -38 37 „ -41 '40 

•64 -47 '46 -44 '41 '40 '44 « 

.62 .56 .53 .62 .48 .46 .50_ ^oO 

260H '24311 232 H 221 H 200 H 190 H~ 300 H 225 H 

8 60 2 90 2 65 2-50 2 22 2 06 3 00 ^3-4J 

— ^28 ^ i7 W .'26 -30 -28 

~ 34 -.34 3^ -31 '3o 

‘50 ''45 ‘43 *42 • ‘41 ‘41 *45 42 

■54 ‘48 ‘47 '40 1 '44 ‘44 ‘-IS ‘43 

■62 57 ‘55 '54 '62 ‘51 ‘55 '52 

WlW 211 H "MOH 190H 170H 1.56H '250^1 192H 

3*30 2-70 2 52 2-40 2 14 2 04 3 00 2 39 

^ ■" ' 'W -29 ’“’’"’W '30 ‘30. ‘83 ‘30 

■41 ‘37, 36 ‘37 ‘37 ‘38 ‘41 


200»' 182H 172H' I63H 143H 122H 2(MH' 161H 

8‘00 1 2-50 1 2*35 2'32 [ 2-07 2*02 3-00 2 21 


Jfoif .'—.In all eases the position of 
the Eesultant is 


presstfrp 
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TABLE VIII. 

Waterway areas required for catchment areas. 

Basecl on the Dim Drainage Table. 

AREA OF WATERWAY IN 
SQ. FT. 


AREA OF -WATERWAY IN 
■■ SQ.' FT. : 


Catchment 
Area in sq. 
Miles. 


Catchment 
Area in sq. 
Miles. 


In Hills. 


In Hills. In Plains, 


2778 2315 U5Z HHH 

3000 2500 2000 1250 

31.98 2665 2132 , 13M3 

3384 2820 2256 HIO 

ki64 I 2970 2376 nSi? 


3970 .‘J30S 2846 5051 

4338 3615 2S92 
4998 4165 3332 2083^ 

5532 4S10 3688 235*5 

6036 5030 4024 251.5 
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MILITAKY 


12 Ton ^oad ^oii££ 
SS % ^pocf 

ism /<xsk 


Moment 


&f(// t^Pn ^Cenfre of Jfton 
L ih feet 


L in Feet. 


of Idoifs 


Case I Jfxms mder M Max. 2mcffon v ® or 

Case JT . Jpms ctrer fO. Max ^eactfoa ~ C(^) 
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TABLE Xn. 

Moments in longitudinal Slabs* Stringers and Girders for 
12-Ton Road Roller j>lus 25 per cent. Impact Spans V to 50'. 

" =— .r — XOTAD THICKNESS OP 

REINF RGBD 

con cret e slabs. 

IVkaeing STTR- 
FACE 70 liBS, 
PEiR SQ, l-'T, 


ITEEL STRIKERS, 


No WilAUiaTC!- 
Surface. 


Modulus per ft, 
Width. 


Etiective 
width of 
Slab 

... - fL + C. 

Weai'ing 

Stirfaoe 

70 11.8 . 

per sa. 


Moment 
per foot 
width 
for 
Slabs, 


Moment 

on 

width of 
Slab for 
Strinff- 
ers. 


Moment 
per foot 
width 

ior," ■■ . 

String- 

Wooriug 

Surface. 


Moments 

for 

Eoad 

-Roller. 


Conti- 

nuous, 


Simple 


Simple 


Cont 

ttUOU 
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table xin. 

Moments Cross Slabs and Reactions on Piers and Floor Beams for 
12-Ton Road Roller plus 25 perc ent Impact 

TOTAL THICKNESS OF 

. BE IN FORCE Dv: 

CONCRETE SLABS. 

Moment 
for 
Road 
Boiler 
. Rear 
wlieels 
only* 


Reaction 

of 

Road 

Boiler 

on 

Floor 
beam 
I or 
■ Bier. . 


Spa dug 


Moment) 
per it, 
widtB 
for 
slabs. 


; ’Wiutunct. 
so il FACE 7o 

LIIS. FEKSQ. FT 


Effective 

widtli 


No ’Weaiuno 

SURF ACE. 


SpaeixiR' 


Span L 
e, to c. 
bearings. 


Floor 

beams 

or 

Piers. 


lioor- 

beam 

span- 


Conti- 

nuous- 


ly. ■' _ ' ,Oanti- 
pimpie uyiouB' 


Simple 
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olsoy^ Wahf’tsy&f^ 


Dtop y/o//soi 


'iCvrfoh wa//ia^ enc/ tr nemsi:. 

to prevent 


Stonos m / S 

PC 


PAi'£D_fLgOt 


Bottom of ^ope^ 






tifmHill' _ 


Mmvpy o»f?C.£oM(: ^£mJ!mcS£CL 

1 f&nessofSh^tT f mop"’ 

B^l 

V4*'3i4Vs 


-“^(Mredteof 2 S?” not t sss. 


For ^pfmbjee ftm'£oftoyyfng Pteffesi . 
jO/vh n/nos /*/ 'xvt ' 

JtohsF^XttJroopffff FtXXi Piers FlXW 
-Mofments met W/hp' watts Fi Xy\l 
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fBr imnon^J^n 5^ Sif 0X 

/o\ . 


B (see notp] Ml 


V A6/y cn£. /brh kss ihanPAh me eqaaf/o/^M) fbr £-. Wimn h 
exceeds P/z b from m cfrotv mn &t /Pg hf ififersedti^^ bid^ f 'mn fromi. 
m n. from n dfmnj of im4mkrjecdf»iu^ oiLfiw7jx^rmie&0rgi)alkr off inti. 


i * Spans in Feet. 15 20 54 

iTsTl: far 1:2:2: 4 P. C. Concrete, Equa- ~ W’ ““18"“ 20" 

tion (3) 

13. C for C. D. V. Stoiie in 1 : 2 P. C. 16" 18"- 20'^ 

Mortar I 

14. hi (3) fo H.O.V, Stone in 1 : 3 P. C. iS" I 20" 22" 

Mortar ! 

15. IJ (3) for H.D.V. Stone in Lime 

Mortar 18" 22" 24" 

16. 14 Hard Bnmt Bricks in 

'. Lime " 18" 22i" __2r ' 

iTTlldFrTS^i i, I (h less tMn ijb) 3"^ -gr-grr gf 

^ 8. E for r/S^l {h less than li b) 4^ 6" 5' 4" 6' 2" 

19. P for P. C. Concrete or H. D. Stone 2' 9" 3' 0" 3' 6" 

in Lime . 

20. P.' for Brick in Lime Mortar s, ... 3^ 3' 9" 4' 9 " 

2r:''(5rfoHrT5i’ p r ;'2^.o" 2 ^ o" 

22 . G for best Lime Concrete ... 2' 6". 2^ 9" 3^ 0" 

23. Load for Pier Foundations 

(see note below) . Tons 11 * 16 ,21 

24. Load for Abutment i^^oiinda* . - 

tions (see note below) ' Tons 9 13 • 17 

' , C, or H.D.V. Stone^Chlsel ‘>r hammer Dressed Voussoir Stone. 

: . ' , : Items 10, IL and 24 are Loads per ft. width of Arch for -Road 1 

'"-B* Gerieraily*iii!^-ur to suit Foundation Matenai. 


6 " above Crown and 


Spans in Feet, 



2 

3 

4 









1. For 1:2: 4 P. C. Concrete. Equations 






(3) 



b" 

9" 

10" 


2. For H.D.V. Stone in Lime 

■■C=^ 


9" 

9" 

10" 


3. For Hard Burnt Brick in Lime 

C-= 


-9" 

9"' 

1 isr 


4. For Best Xime Concrete ... ^ 



12" 

12" 

! 14" 


5. E for r/S’— 1 to 1/6 {h less than l-j 

b) 


“6"“ 

P 6" 

1 2^ 0" 

2' 

6. P. for F.C. Concrete or H,D, Stone in 

V 

0" 

P 4" 

I' 7" 

r 

Lime 







7. P for Brick in Lime Moitar 


V 

li" 

P 6" 

1' 10]" 

2' 

8. G for 1:3: 6 P. C. Concrete 


V" 

0" ' 

V '0"' 

P 0" 

r 

9. G for best Lime Concrete 


V 

6" 

P 6" 

V 6" 

r 

10. Load for Pier foundations 







(see note below) 

Tons 


3.5 

4.0 

4,5 


IL l.oad for Abutment Foun- 







dations (see note below) 

Tons 


2,8. ,, 

3.2 

3.6 








MltJTAia ENGIKEBK .SEK,¥IOES HATOBOOK 


fs > 

asaafflAis^ ';■ ' , ; 


'miAtyomii 


/yaer/ 

■fe" 


bn'f^x t(bf.;e& m 

rom^tAktf/rs^'i 












Cbncreie Cerps. 

I e«Sin 4 Ve/fM 


Oimemions ^5Uit tomB^tfon hmerm B genera/fs moar - ts , 

T neiw i^sfbm b/f/g f^r i^asmr^hlune <5?*7</ b/s 
^msupfoSOB " " » (Cl f-4i*'^iS >’ " ^ - 0} 

» " CbfiWckmss^l^2-^%0. h~Heiphf&. T~Thkkn ejs sf P/kr at Pomt 

P/^P S / 72 e ^.AB. M-Jj A/V£> SBAM..J/WS. .TCB£__L 


li/smn 


■71?; J. Jpms 8 »M^r k 

EkuSpm s 8-/3 
Sk& B~' 13 t?r/ 

Rin 5 kGh‘{/mL ‘ 8 8 3 l 


\fO’ 3 >r /Sk^xfjA 


(Jfip SBJJ, "h^B/C &s. 6 fM 

//%/ 4 Jpm SJ 3 JJi*is}l 8 >• .0 ■» 
Bt BdSpm BBSS I^Bkf « !£' - 

B(/ltsk 03 fsme f/pes® 4 €/rx 

F/£bs cm Tk/jjj Se/DCB P^psj IlAmM 


i:8'A Cement Concrek? 


ci»c &fTtijjses 


f:S: S Cemenf (me/rfe. 
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'Aifernaia Bars bent fhus ^ 

Nnl^ evsni/sn _ 

titatai ^ar/b Cushion 


i f-t’fer /$_ 

Flange nWi I 


LSpdcer ^ mtlra a^Jpans m'erlBS 


8^ AND 15' Roadway CJ" Slab y' bars 51 
SFABTS OVEn 30' to have | 

nrrT2 rr 

" I Moduins one 13-7 18*0 22-4 27*8 
18' . R. S. J, 

and 15' Section R. S. J. 8" 9" 10” 12” 

Roadway.! @ @ (3), @ 


Centres, 10' Roadway 6.1' Slab 
Bearing plates. 


18' 

and 15' 
Road wav. 


Modulus one 
R, S. J. 
Section R, S. J. 


JSFew British Standard Sections are- given: if uota vaiEFi^ 
use Sections with required Modulus, 

For 15' Roadway use 6 Hues R S. J. @ 3 ' 1^" Centres. 
For 10' , Roadway use 4 lines R. S. J, @ 3' 6” Centres 
Spacing pf R. S. J. in Ft, 
and multiply Modulus-^ — * — 















Pressed S'i-eel TRoiTQHiNa. 


Moment 
per foot 
w de 
■£===§!- 
To . 


Moment 
per foot 
wide - 


Section ■ 
Modulus 
per it," 
wide. 


Section 

depth 


Section 
Modulus 
per ft, 
wide. 


thickness, 
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END ELEVATION. 


HALF CROSS SECTION, 


■ Clear Spa;-), Feet 

Modulus pel* ItT ^id'e 
— required. 
DepthXThic kii ess 


Tromhind / 


'^fke^Soilj ewrgS'^ Be&scnmeif fl^ht b&fcings, 

Tgp ef He^fr hp—y 

F' ilL^ far 18 * "i 


C/forSpffffS ^ 
AncAorSoffs 
hekss Ak&^. 


half cross section, 


END ELEVATION, 


Modulus required 
oue H. S. J , 
Section E. S. J. 


iS'ew British- Standard Sections are given, il not availahle use a IL S. L with Modulus required. 
For 18^ Roadway. T roughing 5^^* x 5/16'' Rr-S. J , as above. 

For 15' Roadway. Troughing 4" x 5 16" Use R. S. J. with Modulus given above x-S4 
For 10' Eoadwaj'. Tioughjng 4"x5, 16" Use R. S. J. with Modulus given above x -84. 











FAET FI.AE# I'or h, c, and Reinforcement see Table balow. 

CutVEHTS SEABS tjNDER FXLL. H Fill over Slab and S — Clear Span in Feet, 

^0 S _ ' 

Fpr Slabs given in Table, Maximum IT = For greater ITlIs b— 


Clear Span 


Total Thickness h of Slab 
Concrete below centre of Steel 
Diameter of Bars 
Spacing of Bars 
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^ § amt wked — ~ 

'^4 I 


I 'i Table m. XXI f 
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Blmaaslon and reinforcement for reinforced concrete beams. 
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M£JNFOJ^£f:^ C<O^MTE Arches.-' A pmox JmuMs erfume Thmx 


Crfftm 




BCeaf C9S& - ef shS) 

Nefe. ^ 6e greoff>r Of /ess than ^ 


|Max. Stresses due to 


5, Temperature d= t' 


6. Arch Shorteaing' 


7. Live Load ,' over 
■ whole span. 


Crowh ialte items 2 15, 6. 

For Springing Ms take Items X. 3. 5 and for- 


Ali* units FjEibt And pouhdj^ 
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s^’i ‘"'-(^ *’t' ■ 
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TABLE XXXII 


Double Reinforced Beams. 

Compressive and Tensile Steel Percentages for Balanced Design with 

M - 

Values of ^ 

£<j =600, f® =16,000 lbs. per Sq, Inch 

d'= Depth to Compressive Steel. 

d=Depth to Tensile Steel. . 



d7d= 

*05 

dVd: 

% Compres- 
sive Steel. 

% Tensile 
Steel. 

li 

% Tensile 
Steel. 

•0 

•675 

95 

•675 

j' . ".;:■ ■■■ ■ ■ 

•a 

•77 

no 

. •75 *' 

' *4 

•87 

125 

84 

•6 

•97 

140 

•92 

■8 

1*06 

158 

1-00 

10 

115 

168 

108 

1-a’ 

1-as 

188 

1-16 

1-4 

1-35 

,198 

1-25 

1-6 

1-4.5 

%13 

1‘33 

1-8 

1-88 

227 

1-41 

a-0 

1-64 

242 

1-50 



« 

1 


% Tensile R=-^ 
Steel. 

•675 

@5 

•78 

104 

•80 

113 

•86, 

122 

•93 

131 

1-00 

140 

1 06 

MS 

148 

lar ■ 1 
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b^^afims i /3 
t !^$S k^(fi^rt '^re^imr i/s$*Pl 
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■Mi 


'G AND OiRSCT StRESS. 

ml a’ ^ Steel m One face n 


For other Sections use ~ mWFFe 

m^hOQ /or Rectangular Sections m^'^S forOcla^ofieil SecT/am. 
m = -81 /or Rectangular Sections m * >39 for Rennet Sections, 
with Chamfered Corners. 
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FULCt G^TtNiJOtAS BSAM 


Fc/uy Continuous Bbah. 


Smpi-e &BAM. 














''s 


Iferenee 


4.7ia 


6.008 


Circum- 

ference. 

los. 

Weight. 

Per ft. 
lbs. 

8.584 

SM7 

3.880 

4,17a 


Weight. 

Imperial 

■ ■Dia-: 
meter. 

Per ft. 

S.W.G. 

los. 

lbs. 
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TABLE XXXVIII 


Reinforced Concrete Slabs. 

Coserete 1:2:4. f««6O0s Is 16,000, fv=;60 lbs. per Sq. im, 


Spacing in inches 
OF Round Bars for 
DIAMETERS OF ■ 


FOR M= 


ATS lAiAD iKCLirDlKG WSIGBT OF SLAB IN IBS. PER Sq. Ft* ON SPANS OF 






l,OS0 

1,343 


63 ■ 1,511) • S 


I,93S 

2,443. 

.3,010 


1,700' 


1,247 


3,330 


3,11.0 |. ■. ' 7 
3,680 !■ ^ 71 
4,300 1 , a 


4,710 


1,S40 


1,450 


3,823 i-a, 310 


2,150 


1,820 


1,262 


1,077 


7,200! ' ,10 

■s,500-j n 

. 'I '• 

10, 400, 12 


1,915 


7,560 1 5,550 
9,240 j 6,800 


4,250 

5,200 


2.720 


3,360 
4, no 


2,250 

2,760 


3,040 


1,028 


2,315 


Notes 'I— For iateriiiediatespanitlieLoadslBay^ 


is too thin aad a tbibkex one is desimble or tiie nearest SlainTSTstroSiTES^S^^^ 


4844-400 


of the bars , should be increased as follows : — ^ , 
New spacing =« spacing in Table, for, slab used X-^ 
ExmnpU ^ — A 4^^ Slab for 7' span, w=k-. 90 lbs, 


BmmpU-^Eox a 5'^SIab on a 5* 3" span w«-^ =;442 lbs. 

, 'F • 

2 — These slabs are safe against Shear for Loads less than the following 
wt2 wti- wi.2 - wl.2 , 

8 , 10 12 16 2 

Limiting Load for Shear- 2, 120, 1,700, 1,410, 1,960, 2,120 lbs. per Sq. Ft. 


Load in Table 


IlifSi 


New spacting.of bars=:2|X’ 
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If there are any depressions, pot-holes, wavesj grooves, or ornei 
irregularities, these should as far as practicable be made good before 
tarring is commenced, so as to provide an even surface. 

2. Painting and spraying machines get through the work of tarring 
more rapidly than application by hand, and consequently are to be 
recommended, but hand work gives satisfactory restilts, and the selection 
of the method to be employed must bo largely determined by the 
available supply of efficient labour. 

3. If it is intended to tar an old surface it is advisable to take 
advantage of the early months of the year to scrape or brush the road 
during wet weather as a preparation for subsequent tarring, and especially 
to keep the road free from caked mud, 

4. If the crust of a road is thin at the sides, but adequate in the 
centre, the sides should be strengthened and consolidated before applica^* 
tion of tar to the surface. 

5. In re-surfacing any road the surface of . which is afterwards to be 
tarred, stone ehippings, and not fine material, should be used for binding. 

6. The road whilst being tarred should be closed to traffic over half 
its width, or, where practicable, over its whole width. 

7. The road should be thoroughly brushed and eleuned before 
application of the tar. Wet brusKing should be used some time previous 
tollry brushing, if there is any caked .mud. Any method of brushing 
may be used which will scour and clean the road thoroughly, the best 
being horse brushing, followed by hand brushing. 

8. Tar should be used for surface tarring which complies with 
either Road Board Specification for Tar No. 1 or Road Board Specifiea*- 
tion for Tar No. 2, but if the heavier grade of the tar is used, care 
should be taken to apply it only when the road is well warmed by . the 
sun^s rays, otherwise it will not flow freely. 
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9» The tar should be heated to its boiling point at convenient 
positions on the works, and should be applied as hot as possible, so 
that it may flow freely* The desired temperature will be generally 
found in practice to lie between and ^40® Fahrenheit for Tar No, 1 
and between £60® and S80® Fahrenheit for Tar No. £. 

10. Ill order that the tar should be applied to the road as hot as 
possible, it is advisable if the method of application is by hand, to use 
flexible pipes to convey the tar from the boiler to the point of application. 
If these are not available, it will be found convenient, in case of hand 
pouring, to use fl-gallon cans specially constructed for the purpose, fitted 
with spouts leading direct from the bottom of the cans, and being not 
less than I ^ inches in diameter at the orifice. 

^ IL Immediately on application the liquid tar should be brushed so 
far as necessary to ensure regularity in thickness of the coating* 

1£. The quantity of tar required .will vary according to the physical 
conditions of the road, but generally in the case of a road to be treated 
with tar for the first time, the quantity should be one gallon to coat from 
five to seven superficial yards. 

IS. If the road must be opened for traflSc before the tar has set 
hard, grit should b© spread on the surface to prevent the tar from adher- 
ing to the wheels of veiiieles, but gritting should be delayed as long as 
possible and the quantity of gritting, material to be spread should be 
no more than sufficient to prevent the tar from adhering to wheels. 
Stone clappings, crushed gravel, coarse sand, or other approved material 
(free from dust) not larger than will pass through a i«ineh square mesh 
should be used for gritting. 

14. Precaution should be taken to prevent liquid tar passing 
directly through drainage gratings or outlets. 

15, For the safety of the public precautions should be taken by 
lighting, watching and warning. 

Notice boards should be placed in suitable positions bearing in large 
/ letters printed in eohspicuous colours the following words 

CAUTION. 

TAiiniKa IN Peogbbss, 

Cyclists abyisbi) to walk. 

It is specially desirable to place warning notices at points in the 
neighbourhood of the work where other roads Join or cross the road being 
tarred, to enable motorists and cyclists to avoid the obstructed road by 
taking any available alternative route. 
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16 On a heavily trafficked road it is advisable to apply a second coat 

to either the whole width or from 9 to 13 feet of the centre of the road 
in quantity of one gallon to coat from 8 to 10 yards super, about two to 
three months after the first application. j. 

17 Surface tarrint^ should be renewed axnuially on all impor an 
roads, »d .0 required oo roerle with lighl trafBe. On meh re-oo.top 
the quantity of tar to be applied will vary with the extent to which t le 
previous coating of tar has been removed by weather or by traffic, 

18. Two or more samples of the tar used should in all cases be kept 
in quart tin cans, and be carefully labelled, including particulais f^ing 
the locality or length of the road on which the tar was used. The Eoacl 
Board will arrange with the National Physical Laboratory to submit a 

selection of these samples to a series of chemical and physical tests with a 
view to the results being recorded for future reference, and surveyors 

will from time to time be invited to send samiiles for the. purpose. 

19, In .ail cases careful record should be kept of the condition of the 
road surfaces in winter and summerj both before and after tax’ring, the 
quantity and quality of tar used, the superficial area covered, the state of 
the weather when the work is being dons, the time occupied in actual 
work, and in waiting whilst work is stopped owing to wet weather, the 
number of men employed and full details of the cost of labour and 
material. 

^0, Survey OX’S axE recommended to have samples of the tar supplied 
to them under contracts properly tested by a qualified analytical chemist 
for — ^ ^ 

(1) Specific gravity. . . 

' (£) Freedom from water, ' ^ 

(3) Fractionation, . „ " 

(4) Free carbon. , ^ 

Note.— T l-.ese general directions are not intended to displace or 

to discourage the use of proprietary articles of which there are several of 
proved value. 

Road Board Spedficatioa No. 2, . 

. GeKEEAE niEBCTIOlVS EOE StJIlFACIKG WITH TAR MAOABAM. 

1. Any road which is to be surfaced with tar macadam should have 
a proper foundation or sub-crust of adequate thickness to bear the traffic 
likely to use it; J ; 

£. Before laying a new surface of tar macadam the thickness of the 
old crust, including foundation, should be ascertained by opening trial 
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trenches at intervals averaging about 150 yards extending from the 
haunch of the road to the centre, such trenches to be made alternately on 
opposite sides of the road. 

8. The thickness of the surface coating of tar macadam when 
consolidated hy rolling should be not less than tliree inches, according to 
traffic requirements, For a greater thickness than 3 inches the material 
should be applied in two coats. 

4 . In the case of naturally hard sub-soils, not materially softened 
by infiltration of surface water, the total thickness of the road crust, 
including foundation if any, after consolidation of the new surface of tar 
macadam by rolling, should not under ordinary circumstances be less 
than 6 inches, unless the sub-soil is so hard as in itself to act as a good 
foundation, in which ease the thickness of the road crust may be reduced 
to 4 inches. In the ease of clay or other yielding sub-soiis the total 
tliickuesB should not be less than 11 inches. 

5. The finished surface siiouH have a cross fall of about 1 in 82, 

If the eimt is not sufficiently tliick at tlie crown to enable this cross 
fall to be obtilined with a new coating of the thickness above mentionfif] 
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Tar No. 2, the choice being determined by the oircumetanoes o£ each 

ease. 

If tar . No. 1 has been used for tarring the stone, care should be 
taken,, especially in “hot weather, that the tarred material has been 
allowed to stand for a sufficient length of time to allow the tarred 
surface of the stones to become partially hardened and in a tacky 
condition . 

If tar No. % has been used for tarring the stone, the macadam 
should be laid soon after being tarred, and the stone coated with such 
tar should preferably be laid when the road is i^uite dry and in warm 
sunny weather. 

9. * The quantity of tar used to coat on© ton of stone should be 
approximately from 9 to 1^ gallons, varying according to the sizes of 
the stone, the grade of tar used, the method of mixing and other 
conditions. 

10. The tar macadam after having been spread and levelled should 
be rolled to a smooth surfacBj but too much rolling should be avoided. 

Less rolling is required than in the ea.se of water-bound macadam. 

A 10-ton roller is a suitable size for use in most cases, but good results 
can be obtained by using an 8-ton roller and finishing Vith a 10-ton roller, 

11. In order to get the best results from the use of tar macadam 
it is advisable to apply a coating of tar to the surface after the road lias 
been used by traffic for several weeks, not less than one gallon of tar 
being used for every 6 super yards of road surface. This tar should comply 
with the provisions of Eoad Board Specification for tar No, £ and should 
be poured or sprayed on the surface at a temperature of about £70® 
Fahrenheit. 

1£, Stone chippings, cnislied gravel, coarse sand or other approved 
material (free from dust) not larger than will pass through a J-inch 
square mesh should be used for gritting. 

NoTB.—These general directions are not* intended to displace or 
discourage the use of proprietary articles of which there are several of 
proved value, ; . .. - 

^ A,--. ■■ Road Board Specification No.'S.''., ^ 

General directions roe suhfacing- with piroH-OEouTED macadam. 

1. Any road which is to be surfaced with pitch-grouted . macadam 
should have a proper foundation or sub-crust of adequate thickness to 
bear the traffic likely to use it. , * 

. .. £, Before laying a , new surface of pi tfli -grouted macadaih the 
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tliiekness of the old erust, ineliidiog foundations, should be ascertained by 
opening trial trenches at intervals averaging about 150 yards extending 
from the haunch of the road to the centre, such trenches to be made 
alternately on opposite sides of the road, 

3, The thickness of the surface coating of pitch-grouted macadam 
when finished and consolidated by rolling should he Si inches to 3 inches 
(except on very light traffic roads, when the thickness may be 2 inches) 
for single^ pitch-grouting, and from 4 inches to 4i inches for the double 
pitch-grouting hereafter described, 

4, In the case of naturally hard sub-soils, not materially softened 
by infiltration of surface water, the total thickness of the road crust, 
including foundation, if any, after consolidation by rolling of the new 
pitch-grouted surface, should not under ordinary circumstances be less 
than 6 inches, . unless the sub-soil is so hard as in itself to act p,s a good 

. foundiition, in which case the thickness of the road crust may be reduced- 
to 4 inches. In the ease of clay or other yielding sub-soils the total 
thickness should not be less than 11 inches, 

5, The finished surface should have a cross fall of about 1 in 32. 

If the crust is not sufficiently thick at the crown to enable, tins cross 

fall to be obtained with a new coating of the thickness above mentioned, 
then the old surface should be left intact and unscarified, and the thick- 
ness of the new pitch-grouted coating increased as far as may be 
necessary. 

If the crust is of sufficient thickness for the purpose, the regulation 
of the cross fall should be carried out by scarifying the surface and 
removing material from the crown to the sides previous to the application 
of the new coating. Material loosened by scarifying should be screened 
and all material finer than half-inch should be thrown aside. 

6., The material to form the pitch-grouted macadam should be of 
approved quality broken to Standard I i-ineli gauge. In addition to 
this, 10 per cent of chipping of tire same stone, varyingfrora f inch down 
to I inch, should be used or | closing after the grouting with the melted 
pitch. 

7. For making pitch-grouted macadam the pitch used should 
comply with the Road Board Specification for Pitch, its viscosity being 
altered to suit elimatie and local conditions by varying the quantity of 
the tar oils as specified therein, 

8. It is important that the pitch should not be poured if the surface 
of the stone is wet. The stone. may be protected by tarpaulins, or if wet, 
may be dried in situ by portable blowers or other means. 
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9. The material after having been spread and levelled must be 
rolled down dry without chippings until the stones present a mosaic 
surface. 

10. The quantity of pitch required to grout a single coating is 
approximately for a consolidated tliiofaiess of £ inches IJ gallons per yaid 
super, for 24 inches 14 gallons per yard supei\ and for 8 inches 2 gallons 
per yard sapper, but these quantities may vaiy with difiereiit materials, 
and care must always be taken to fill the voids. 

11. The pitch, after being carefully melted as described in Clause 
18, must be raised to a* temperature of 800® Fahrenheit. Clean sharp 
sand must be heated on sand heaters to a temperature of 400® Fahrenheit 

vessel, is then to be filled with equal parts, by 
hot sand and the mixture, 


A dandy, or portable mixing 
measurement, of the heated pitch and the 
hereafter called the matrix is to be kept well stirred while it is being 
emptied from the dandy, or portable mixing vessel, into pouring cans of 
from 2 to 3 gallons capacity which are used for pouring the matrix 
on to the roadway. Not only during the process of mixing but after- 
wards right up to the time of actual pouring, the matrix must be kept 
well stirred. The matrix prepared with pitch in the quantities specified 
in Clause 10 should be sulfioient to fill the voids. 

12. The final rolling should be commenced immediately after 
pouring the pitch matrix and carried on rapidly before the matrix has 
time to set. The 10 per cent of graded chippings should be spread 
over the ground surface in part previously to and the remainder during 
the process of rolling. ' The traffic m.ay be allowed on to the finished 
surface as soon as the surface has cooled to the normal tornperature. 

Double pitch-0eoutin0. 

IS. When the traffic is so heavy that a consolidated thickness of 
from 4 inches to 44 inches of pitch grouted macadam is required, it is 
desirable, in order to obtain the best and most economical results, to 
divide the coating into two layers, the bottom layer to be the tlu’cker 
one ancl. to consist of large stone, the two layers being rolled down and 
grouted separately, Any local stone which* can be procured cheaply 
may, if suitable in quality for foundation work, be used for the bottom 
layer graded from 34nch Standard gauge down to 2-inch Standard 
gauge. No chippings are required for finishing the rolling of the 
bottom layer. The material for the upper layer should consist of hard 
road stone of approved wearing quality, broken to 14-xnch Standard 
gauge and 10 per cent of chippnigs of the same stone used for the upper 
layer, graded from half-inch dowxi- to quarter inch, should be added 
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before and during the process o£ rolling, ami rolled down so as to form 
the finished surface of the road. 

14. In pouring the pitch on the bo|tom layer the surface of the 
pitch should not be brought to the surface of the stone, but should lie 
about half inch below such surface, with the object of providing a key for 
the upper layer. 

15. The materials and the methods of grouting and laying down 
in the case of double pitch-grouting should except when otherwise 
expressly stated, conform to the provisions of Clauses 7, 8, 9, 11 and 1^* 

16. The quantity of pitch required for double pitch-grouting is 
approximately for a consolidated thickness of 4 inches gallons per 
yard supei\ and for 4| inches gallons per yard super, but these 
xjiiaatities may vary with differ^ent materials, and care must always be 
taken to fill the voids in the surface coating adequately. 

17. For the purpose of accurately asoertaining the proportions 
necessary for the matrix, it is essential that portable weights, scales and 
measures be provided, and all materials used in the preparation of the 
matrix should be accurately proportioned by weight or measurement. 

Il^rSTllUOTIONS FOU MBLTIHG- THB PITCH. 

18. The pitch boilers of from two or. three tons capacity should be 
charged with pitch and about one-half of the proper proportion of tar 
oils. The fire should then be lighted, and thereafter a steady fire, with 
fire-doors closed, should be maintained, when, in from four to five hours, 
the pitch should be thoroughly melted. A bright fire .should be kept 
until the pitch reaches a tornporature of 300® Fahrenheit, when the 
remainder of the oils should be added and tlie mixture thoroughly 
stirred; the fire-doors should then be opened and the temperature of the 
melted pitch permitted to fall to *250® or 270® Fahrenheit, The -pitch 
•should then be ready for use, and in, all eases should be thoroughly wall 
stirred before being drawn off. 

In the event of bad weather stopping the work of grouting the 
fire-door should be left ^open, tlie damper closed, and the temperature of 
the pitch allowed to fall to 200® Fahrenheit. It can be kept at this 
temperature for long periods with banked fires consuming about 7 lbs. of 
coke per hour. 

It is recommended that a suitable Fahrenheit thermometer with 
metal protection should be at hand to indicate the temperature of the 
melted pitch. Whenever the weather is favourable for the recommence*, 
ment of the work the pitch must be again raised to 270® Fahrenheit by 
closing the doors and sharp firing. 
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It; is desirable that the boiler should be , kept air-tight when the 
pitch is being melted, by the use of air-tight covers properly packed so 

as to make an air-tight joint. 

Notb. — -T hese general directions are not intended to displace or to 
discourage the use of proprietary articles of which there are several of 
proved value. 

Road Board Specificalion No. 4. 

SPECIFICA-TION EOE TaE No, L. 

1. General. — This tar is suitable for the surface tarring of roads. 

As to the use of this tar for making tar macadam, see Road 
Board General Directions for Surfacing with Tar Macadam 

a, Eeatm ^, — The tar should be heated to such a temperature that it 
will reach the I’pad surface in a highly fluid condition. The necessary 
texnperature to attain this end will vary with the mode of application of 
the tar. The tar should be heated in a heateror boiler specially 
designed to prevent frothing, which will otherwise inevitably occur if 
the tar contains even a small percentage of water. The desired tempera- 
ture will generally be found in practice to be between and £40* 

Fahrenheit or 104* and 1 16* Centigrade in the heater or boiler. 

3. Source of the tar ,^ — The tar shall be derived wholly from the 
carbonization of bituminous coal except that it may contain not more 
than 10 per cent of its volume of the tar (or distillates or pitch tliere- 
from) produced in the manufacture of carburetted water gas. 

4. Specific gravity . — The Specific gravity of the tar at 15* 
Gentfgrade (59*, Fahrenheit) shall be as nearly as possible 1‘19, and in 
no case shall it be lower than 1‘16 or higher than 1*££, 

5. Freedom from water and ammonia . — The tar shall be commercially 
free from water, i.e.^ it shall not contain more than 1 per cent by volume 
of water or ammoniacal liquor, which water or liquor (if present) shall 
not contain more ammonia? free or combined, than corresponds to five 
grains of ammonia per gallon (=ss70 milligrammes per litre) of the tar. 

The amount of water or liquor is to be determined by condensation 
from the products of distillation of the tar by cooling with a cold water 
condenser. Any water -so condensed, after measurement, should be 
separated from light oils which may have condensed with it, and the 
amount of ammonia in it should be estimated by direct titration with 
Standard acid. * The amount of ammonia thus determined should be 
calculated in terms of grains of ammonia per gallon of tar. 


S66 


APPENPIOIS. 


6. Fraotlouatmu — On distillation in a litre fractionating flask one- 
half to two-tbirds filled, the tar should yield the proportions by weight of 
distillates stated below j the temperatures of distillation being read on a 
therm.omet 0 r of which the bulb is opposite the side tube of the flask — 
Below 170^ Centigrade or 388^ Fahrenheit, not. more than 1 
per cent of distillate (light oils), exclusive of water. 

Between 170*^ and ^70*^ Centigrade or 838® and 518® Fahrenheit, 
not less than,! 6 per cent and not more than 26 per cent of 
distillate (middle oils). 

Between 270® and 300® Centigrade oi: 518® and 672® Fahrenheit, 
not less than 8 per cent and not more than 10 per cent of 
distillate (heavy oils). 

The total distillate between , 170® and 800® Centigrade, or 338® and 
572® Fahrenheit, shall be ^ not less than 24 per cent and not more " than 
84 per cent, i.e.y where the middle oils approach the maximum allowed, 
the heavy oils should approach the minimum allowed and we vena* " 
7^ NapMhxlene, — The distillate between 170® and 270® Centigrade, 
or 388® and 518® Fahrenheit; (middle oils), shall remain clear and free 
from solid matter (crystals of naphthalene, etc.) when maintained at a 
temperature of 30® Centigrade for half an houri 

This requirement may be waived in the ease of tar supplied direct 
. from gas works, but tar from which the naphthalene has been extracted 
is preferable to tar containing mueli naphthalene. ^ 

8* PA<3?i0^5,-r-The distillate between 170® and 270® Centigrade, or 
838® and 518® Fahrenheit (middle oils), shall not yield to caustic soda 
solution rfeore crude tar acids (phenols) than is equivalent to 3 per cent 
^ by volume of the tar. 

9, Free (Mrhou * — The tar shall contain not less than 12 per cent and 
not mol’e than 21 per cent by weight of free carbon. The free carbon 
is to be determined by complete extraction of the bituminous matter 
from a weighed portion of the tar by benzol and bisulphide of carbon, 
The residue left on treatment with these extractives is to be taken as 
free carbon 

Road Board Specification No* 5. 

Spbcifxcatiok wr Tar No, 2, 

L General, — This tar is suitable for making tar macadam and also 
may be used for surface tarring in very hot weather when the road crust 
is exceptionally dry, 

2, Eeating, — For surface tarring, the tar should be heated to such 
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Q, t6nip6rSftur6 ' that if> will reach the road surface in a highly fluid 
condition. The necessary temperature to attain this end will vary with 
the mode of application of the tar. The desired temperature will be 
generally found in praetiee to be between 260® and 280® Palirenheit oi 
124® and 138® Centigrade in the heater or boiler The tar should be 
heated in a heater or ‘‘boiler” specially deigned to prevent frothing, 
which will otherwise inevitably occur if the tar contains even a small 
percentage of water. 

For the preparation oil tar macadam the tar will not generally need 
to be heated to «o high a temperature as for surface tarring, but the 
necessary temperature should be determined largely by the sensible heat 
of the stone treated with the tar, and the mode of application or treat- 
ment, ' 

3. Source of tke tar,— The tar shall be derived wholly from the 
carbonization of bituminous coal except that it may contain not more 
than 25 per cent of its volume of the tar (or distillates or pitch therefrom) 
produced in the manufacture of carburetted water gas. 

4. Specific grmitp . — The specific gravity o^the tar at 15® Centi-» 
grade (69®, Fahrenheit) shall be as nearly as possible 1*21 and in no 
case shall it be lower than 1*19 or higher than 1*24. 

5. Fractionation — On distillation in a litre fractionating flask one- 
half to two thirds filled, the tar should yield the proportions by weight 
of distillates stated below ; the temperatures of distillation being read on 
a thermometer of which the bulb is opposite the side tube of the flask — 

Below 170® Centigrade or 338® Fahrenheit, not more than 1 per 
cent of distillate (light oils and water if any). 

Between 170® and 270° Centigrade or 380® and 618® Fahrenheit, 
not less than 12 per cent and not more than 18 per cent distillate 
(middle oils.) 

Between 270® and 800® Centigrade or 518® and 57*2® Fahrenheit not 
less than 6 per cent and not more than 10 par cent of distillate 
(heavy oils). 

The total distillafe between 170® and 300® Centigrade, or 830® and 
572® Fahrenheit, shall be not less than £1 per bent and not more 
than 26 per cent, e.e., where the middle oils approach the maximum 
allowed the heavy oils should approach the minimum allowed and 
vice venui 

6. Naphthalene — The distillate between 170® and 270® Centigrade, 
or '838® and 5 p® Fahrenheit (middle oils), shall remain clear and free 
from, solid matter (crystals of naphthalene, etc.) when maintained at a 
temperature of 25® Centigrade for half an hour* 
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7. Pke?iols-^Th^ distillate between 170® and 270® Centigrade, or 
3S8® and 518® Fahrenheit (middle oils), shall not jeild to eanstie sods^ 
folntion more crude tar aeids (phenols) than is equiYalent to 2 per cent by 
Yolume of the tar* 

8, Free earlon, — The tar shall contain not loss than 1 2 per cent 
and not more than 22 per cent by weight of free carbon. The free 
carbon is to be determined by complete extraction of the bituminous 
matter from a weighed portion of the tar by benzol and bisulphide of 
carbon. The residue left on treatment with these extractives is to be 
taken as free carbon.^^ 

THB TESJIK0 01* TAB. 

The compliance of a sample of tar with the Road Board Specifications 
for Tars No. 1 and No. 2 can be ascertained only in a chemical labora- 
tory. But in cases where it is desired to ascertain in a quick and simple 
manner whether consignments of tar diSer fundamentally from an 
approved sample, or whether they are of the No* 1 or of the No, 2 grade 
the following simple tests may be of service J — 

, (1) Specific Gravity— The specific gravity may be ascertained 

quickly and with a sufficient degree of accuracy by means of 
a hydrometer, to the readings of which a corrections for devi- 
ation of temperature of 15® Centigrade or 69® Fahrenheit is 
applied. A hydrometer for the. range 1.16—1.24 w’^hieh is 
wholly made in German silver, and will ' stand a reasonable 
amount of rough usage, is convenient, and this may be ob- 
tained in conjunction with a temperature corrector consisting 
of a substantial thermometer graduated to show directly the 
addition which should be made, to the hydrometer reading when 
the temperature of the tar is above 15® Centigrade or 59® 

' Fahrenheit. If a portion of the tar is poured into a suitable 

vessel, stirred, and the metal hydrometer and temperature 
corrector inserted in it, the specific gravity of the tar at 15® 
Centigrade or 69® Fahrenheit is obtained in two or three 
minutes even though the temperature of the tar at the time is 
considerably higher than 15® Centigrade or 59® Fahrenheit. 

The specific gravity of a tar is not by itself a sufficient indication 
of the utility of the tar. 

(2) Tiscosity.— A standardized viscosimeter will show quickly 
• whether a sample of tar is of the No. 1 or of the No. 2 grade,* 
or whether a consignment differs fundamentally from an 
approved sample, bht since the viscosity of tar varies greatly 
with its temperature it is necessary that readings of viscosity, 
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in order to be comparable, should be made at the same tempe- 
rature. The temperature of £5® Centigrade (77^ Falirenhiet) 
is a convenient standard temperature for observations of the 
-viscosity of tar, and it is necessary before using the viscosi- 
meter that the tar should be exactly at this temperature and 
well stirred. In cases where serious disagreement is found 
between the viscosity of aii approved sample and the viscosity 
of the tar as supplied, furtlier examination of the latter should 
be made before it is used, 

( 3 ) Water and Naphthalene. —If about a quart of the tar is poured 
into a vessel about 12 inches high, and the vessel is covered by 
a piece of ordinary glass, and is left standing in a moderately 
warm room for 24 hours, flaky white crystals of naphthalene 
will be seen on the glass and the upper part of the walls of 
the vessel if there is a considerable amount of naphthalene 
in the tar. Globules of water also will be noticeable on the 
surface of the tar at the end of 24 hours if the tar contains a. 
considerable quantity of water. Since most tars contain some 
naphthalene and often a trace of water also, it is advisable 
when making this test to put alongside the .portion of tar which 
Is being tested a portion of the approved sample in a similar 
glass covered vessel, and to compare the amount of naphtha- 
lene crystals deposited and of water separated from the two 
samples at the end of 24 hours. 

Road Board Specification No, 6, 

SpECXEICATION I’dR PITCH. 

1. This pitch is suitable for pitch -grouting, See Road Board 
General Directions for pitch-grouting 

2* The pitch is obtained of the required consistency most conveni- 
ently by running it off from tar stills in which the distillation of the tar 
has been stopped at the point at which the residual pitch will give a 
penetration of 70 (or such other penetration as may be specified to suit 
climatic or local conditions) when tested at 26® Centigrade (77® Fahren- 
heit) on a standard penetrometer. Harder pitch may be softened or cot 
back, in the still or ,io a mixture at the tar works, to the extent necessary 
for it to give this penetration, by the addition of tar oil of the grade 
specified below in Clauses 7 to 10, 

Where pitch of the required consistency is not thus directly pro- 
curable, it may be prepared by softening commercial soft pitch, as 
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specified below in Clauses 4 to 6, by the addition of tar oil as specified 
below in Clauses 7 to 10, In preparing the softened pitch in 
this manner the tar oil is added to the pitch in the manner described 
under Instructions for Melting the Pitch in the Road Board 
General Directions for Surfacing with the Pitch-Grouted Macadam^*', 
in such proportions that the resultant softened pitch will give a penetra- 
tion of 70 (or such other penetration as may be specified to suit climatic 
or local conditions) when tested at ^5^ Centigrade (77® Fahrenheit) on 
a standard penetrometerj with a No, 2 needle weighted to 100 grammes 
for five seconds, 


PbEPAEED pitch PEOM TAFv distilleeies 


8. Pitch which has, been procured of the required consistency 
directly from a tar distillery needs ‘only to be thoroughly melted in the 
pitch heaters or boilers, but as a precaution against burning, one to two 
per cent of tar oil may advantageously be put into the boilers with 
the pitch. ■ ' , . 

Pitch which has been procured of the required consistency directly 
from a tar distillery shall not yield more than 4 per cent of distillate 
below 270® Centigrade or 518^ Fahrenheit, on distillation described 
below in Clause 5, and shall contain not less than 16 per cent and not 
more than 28 per cent of ** free carbon as defined below in Clause 6. 

COMMEBCIAD SOFT PITCH, 


4. The pitch shall be derived wholly from tar produced in the 
carbonization of bituminous coal, except that it may contain not more 
than 25 per cent of pitch derived from tar produced in the manufacture 
of carburetted water gas, 

5. On distillation in a litre fractionating flask one-half to two thirds 
filled the pitch shall yield the proportions by weight of . distillates stated 
below j the temperatures of distillation being read on a thermometer of 
which the bulb is opiposite the side tube of the flask : — 

Below 270® Centigrade or 518® Fahrenheit, not more than I per cent 

, of distillate. 

Between 270® and 315® Centigrade or 618® and 699® Fahrenheit, 
not less . than 2 per cent and not more than 5 per cent of 
distillate, . • . 

6. The pitch shall contain not less than 18 per cent^and nob mere 
than 31 per cent by weight of free carbon. The free carbon] is to be 
determined by complete extraction of the bituininous^^matter £i’'om|,.a 
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weighed portion of the pitch by benzol and bisulphide of carboiL The 
residue left on treatment with these extractives is to be taken as free 
carbon 


7. The tar oil to be used is preferably a filtered green or anthracene 
oil, and shall be derived wholly from tar produced in the carboniza- 
tion of -bituminous coal or from such tar mixed with not more than 25 
per cent of its volume of tar produced in the manufacture of earburetted 
water gas. 

8. The specific gravity of the tar oil at 20^ Centigrade (=s68° 
Fahrenheit) shall lie between 1*065 and 1*086. 

9, The tar oil after standing for half an liour at 20® Centigrade 
( = 68® Fahrenheit) shall remain clear and free from solid matter (naphtha 
len© , anthracene, etc,). 

10, The tar oil shall bo commercially free from light oik and water. 
On distillation in a litre fractionating flask one-half to two-thirds filled, 
the ti*r oil shall yield the proportions by weight of distillates*stated belows 
the temperature of distillation being read on a thermometer of which 
the bulb is opposite the side tube of the flask : — 

Below 170® Centigrade or 8S8® Fahrenheit, not more than 1 per cent 
of distillate (light oils, and water, if any). 

Below 270® Centigrade or 518® Fahrenheit, not more than 80 
per cent of distillate (middle oils, and light oils and water, if 


Below 330® Centigrade or 626® Fahrenheit, not less than 95 per cent 
of distillate (heavy oils, middle oils, and light oils and water, if 
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Sj)eciji0aiio?i for oiling water^bomid Macadam, 

(Note on the method adopted at Delhi) . 

The oil used was Fuel oil to which 5 per cent of coal tar was added. 
Tne crude oil is easily sprayed through a wheel valve under a head of 
three feet and the coal tar readily mixes with crude oil but quickly 
separates from it again owing to its greater specific gravityj the mixture 
must therefore be continually stirred up. 

Before spreading the first coat the road surface must be thoroughly 
cleaned with brashes so as to remove all dustj etc., as the success of the 
oiling operation depends almost entirely on the surface material and 
quality of the original road surface. Assuming that the original work 
is good, the stiffest brooms obtainable should be used. A large party of 
men should go over the road two days before it is to bo treated thoroughly 
eiaaning the surface and gutters and thus showing up any loose patches 
or hollows that may need repair before oiling is commenced. On the 
day oiling is to be commenced, a party of 10 men or so, with brushes^ 
should be ready to spread the oil over the road surface, while another 
party of ^0 men proceed ahead and clean the surface once more. The 
crude oil and tar is then spread from the crown of the road towards the 
gutters. The first coat requires two days to dry, tlie second coat 
requires four, and the third seven to ten days. After three coats no 
watering should be required for a year. 

In Delhi, the oil used was obtained from the Anglo-Persian Oil. 
Company, Ltd., for whom Messrs. Shaw Wallace and Company, Calcutta, 
are the Agents, The cost of the oil lauded in tank wagons of S,5:^8 
gallons capacity, at Delhi, worked out at 8 annas per gallon, and the 
cost of coal tar was 14 annas pel* gallon. 

Great care should be taken that foreign bodies do xiot become 
saturated with the crude oil and that where storage is necessary the 
tank should be hermetically sealed and no smoking allowed anywhere in 
its vicinity, It may be mentioned that a receptaole which is Water-tight 
will not necessarily be oiktight, and extra care in riveting is necessary 
when making tanks for storage, therefore, and any iron tanks employed- 
should be riveted metal to metal, and caulked with proper caulking 
tools. 

The coal tar used is thq ordinary kind obtainable in the market, 
and it is advocated that an admixture of 5 per cant of tar should be 
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niade to all three coats. The fiist coat requires by far the biggest 
quantity of oil as it soaks into ali erei^^iees. The aiiooimt of coal tar 
actually used on an average was 10 tons for the first coat ; 5 tons for the 
second eoatj, and 4' tons for the. third’ coat,, in' the ease, of ■ a 1 2-foot'^ . road 
.one mile long. 

At Delhij the oil, which was railed from Budge Budge in oil 
tankSj was emptied out by gravity into masonry storage tanks of about 
1,200 gallons capacity. From the latter the oil was pumped into two 
iron tanks each of 600 gallons capacity, which were fitted onto a steam 
tractor. At the back of each tank was a 2-| ni. wheel valve from which 
the oil was drawn off when required. There were openings in the top 
of the tanks to allow of stirring op of the mixture of oil and coal tar. 

If possible, the trafiBc should be diverted along other roads during 
the process of oiling, but if, as at Delhi, this cannot be done, it is neces- 
sary to have warning signals, {especially during the second and third 
coating as the oily surface is very slippery and dangerous to traffic until 
absorbed. After the oiling is completed, the surface of tlie road should 
be maintained in the usual way with the exception that no watering is 
required. 

Punjab sbeoipi cation uoe tab spbayiko on wateb-bound macadam. , 


Tarring will only be done in warm weather when a road is perfectly 
dry, and after all ruk and pot holes have been filled and other necessary 
repairs to the surface of the macadam completed. 

The surface must be swept clean from all dust and any caked mud 
(when re-surfacing is necessary, as a preliminary to tarring, only stone 
chippings, without any finer material, should be used for binding), and 
when only half the width of a road can be treated at a time, the dust 
should also be removed from the adjoining portion tp prevent its being 
stirred up by passing traffic. 

Coal tar (tar derived wholly from the" carbonization of coal), 
commercially free from water, and containing not more than 10. per cent 
of its volume of the tar produced in the manufacture of carburetted 
water gas, will then be heated to its boiling point (220® to 240® F), at * 
convenient positions on the work, and applied as hot as possible so that 
it wOl flow freely and can be- brushed in ah even film over the surface. 
The heating must be done in a boiler specially designed to prevent the 
frot hingfwhich will otherwise inevitably occur if the tar contains even a 
small percentage of water. The quantity of tar required will vary 
according to the physical conditions of the road, but, on a first applica- 
tion, a gallon should suffice for five to seven superficial yards. 
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Gi’ifc, consisting of stone ehippings, crushed gravel, or coarse sandy 
free from dust, and not larger than will pass through a ^ in.’ meshy 
should be spread on the surface next daj, but only in sufficient quantity 
to prevent the tar from adhering to the wheels. 

Where traffic is heavy, a second coat (one gallon sufficing for eight 
to ton 3 ?'ards super) is advisable, at least over the centre portion of the 
-of road, two or three months after the first application, and surface 
tarring should be renewed annually on all important roads, and as 
required on roais with light traffic. 

(Notes ON the Method Adopted ik Peshawae District ioe Tar 
Sprayino on Water-Bound Magadak.) 

1. The surface of the road must be in good condition before tar 
spraying is commenced. If it is very rough, re* metalling is necessary* 
If there are only a few rough places or depressions, local patch repairs 
are sufficient, a small quantity of tar being used in the repairs. 

It has been found by experience that the best results from tar 
spraying are obtained if the surface is treated from 10 days to 3 weeks 
after being freshly consolidated. 

2. Tar should not be applied in very cold weather. Night frosts 
militate against the success of tar surfacing. The road must 
be thoroughly dry before tarring commences. According to the time of 
year and locality, it will take from 4 to 14 days for new consolidation to 
dry out sufficiently to enable tarring to be started. Tarring should 
never be carried out in wet weather, 

3. It is essential that the road surface be thoroughly clean. Dung 
should be removed by wire brushes and the road surface should then be 
brushed with stiff bass brushes (not wire brashes as they are too severe 
for water.'bound macadam), until the road metal is left clean and 
sharply defined. . Country wisps should then be used to remove any 
remaining dust particles from the depressions between the pieces of 
road metal. These wisps must be used vertically and not in the usual 
Indian maimer, t.e., nearly horizontal. Finally, immediately prior to 
the' application of the tar, the surface should be swept with soft hair 
brooms (with handles). 

All types of brushes wear out quickly and require renewal. Old and 
worn out brushes should never be used. 

4, The tar used is Shalimar Road Tar No. 1 or No. 2. 

A tar boiloivwith mechanical or hand operated mixer, is requiredj^^ 
If a spraying attachment is not available, pouring cans are required,. 
These should hold at least 2 gallons, and the 2-gaiIonjpeveI should ba 
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clearly marked on the outside of the can. A wide spout and a detach* 
able baffle are necessary. 

One gallon should be sufficient for square feet* This figure 

has been worked to very successfully but a conimoii excuse put forward 
to eo¥ 0 r lack of superyision is that the road is newly consolidated and 
therefore requires more tar. A projierljf consolidated new road will 
stand great wear with one gallon of tar per 25 — 27 square feet, 
if the application is well superyised. 

If 2-gallon pouring cans are being used, the road surface should 
be divided into rectangles of about 54. -square feet each by means of 
strings. One string should be laid down the centre of the road and 
cross strings, every 12' for a 9^ wide road, 9' for 12' wide road, 6|' ffor 
a 16' wide road, etc. The ends of the strings should be secured under 
bricks or stones, 

5. The tar should be heated until a temperature of 260® F (measured 
by thermometer) is attained. A variation of 20® F either way may 
cause a failure of the surfacing. The tar should then be sprayed, or 
poured from the 2-gallon cans, quickly and evenly into 
thea*ectangles formed by the string. It should be poured near the crown 
of the road and be lightly brushed towards the side of the road until the 
whole rectangle is equally covered. 

Two rectangles at a time can be surfaced, two gangs working in 
diagonal rectangles to each other. 

The boiler should never be more than 50 yards from the work. 

6, Chippings should be spread at the rate of 1 eu ft, to 64 sq. ft, of 
road surface. Blue limestone chippings to gauge are the most 
suitable. They must be dry, clean and entirely free from dust. If 
chippings are not available good quality bujri, to may be used 
instead. The use of dirty or inferior bujri will produce very unsatis- 
factory results. If the chippings or bujri is dusty, wire mesh screens 
should be used and so placed that the bottom of the screen is at least I' 
clear of the ground. Chippings must not be allowed to pile up on the 
screens so that many of them never hit the mesh. 

The chippings should be accurately measured in graduated boxes 
and after measurement transferred to baskets or wheel barrows and 
spread evenly over each rectangle. The ideal to aim at is that the whole 
surface should be so 'covered with chippings that, while no chip is 
actually on top of another, each chip -touches the next so that no tar is 
visible before rolling. It may be found with certain types of cbippings 
that the allowance of 1 cu. ft. per54sq, ft, must be increased to 
attain this. 
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7. An hour after the chippings have been spread^ they should be 
rolled in. A light 3-ton roller is most suitable but an 8«ton roller, 
lightened by rediieiug the ballast, will also do. A 10 or 12-ton roller is 
normally too heavy as it tends to crush the chippings or biijri to powder, 

IE the chippings stick to the roller wheels, work should be stopped 
at once as the roller is too heavy for the type of chippings or bujii 
employed. 

8. Traffic may pass over the new treated surface the day - after 
completion, 

A second coat of tar is usually necessary 8 to 9 months after the 
initial coat but this varies greatly with local conditions. Subsequently 
it requires renewal at intervals of from one to three years. 

■ 35344^11 (E. 2.A). “ 
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' . APPENDIX LI. 

Specification for Bitiminons or Afi}}JiaU Macadanu 
(Excluding Tars and Pitches,) 

L Definition of for Road is a generic 

term for a group of hydrocarbon products soluble in carbon disulphide, 
which either occur in nature or are obtained by the eTaporation of 
asphaltic oils. ' 

The term should not include residue from paraffin oil or coal tar 
products. 

Defi.niUon of Asphalts — Asphalt is a material consisting of a 
mixture of bitumen and finely graded mineral matter. The mineral 
matter may range froin an impalpable powder up to material of such 
size as will pass through a sieve having square holes of J in, side, 

SXJKEACIKG EXISTING EOAB WITH BlTtlMiNOtlS MaCADAM. 

(2 coat work.) 

3. The existing road surface should be lightly scarified and re-form- 
ed, and should be steam-rolled and consolidated to the contour required 
for the new surface. 

4. Suicrustf Binder Gonr^e^ or Bottom Layer . — The subcrust should 
consist of hard, clean, broken stone, 1 in. gauge, the voids of which are 
filled with fin. size chippings, while the voids in the mixed stone should be 
filled with well-graded sand, sufficient bitumen and filler being added to 
thoroughly coat the mineral aggregate without showing any excess on 
compression witli a hot tamper, 

5. The materials should be mixed in proportions by weight, depend- 
ing upoirtlieir character. The pi‘oportions will ordinarily vary between 
the following limits r 

1 in. gauge stone ... 

, . • , I ' in. size chippings , v:...-.' 

■ Graded sand-' 

>, , Filler (Portland cement) 

Bitumen " ' 

6. The aggregate and bitumen should be heated separately to such 
temperatures that the finished mixture shall, depending on the bitumen ;, 
used, have a temperature of from 800® to 360® F. , 

r ;j; 7, The subcrust should be spread while hot upon the foundation to-- 

auch depth that, after being immediately consolidated by rolling, its : 
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averago fcliiokness shall be 2^ In,, and its upper face graded to the 
contour req.uired for the wearing surface. 

8. As an alternative the subcrust may be composed of material 
coated with tar or grouted with pitch mixture, laid in accordance with 
the Road Board Specifications Nos. 2 and 8 respectively. 

9. Jfeariiig Surface . — The mixture for the wearing surface should be 
composed of : — 

(a) Bitumen. 

(/>) Sand of satisfactory grading. 

(c) Finer, consisting of finely powdered mineral matter, 

10. Sand — The sand should consist of hard grains, not necessarily 
sharp of the following grading 

Heavy Light 

Traffic Traffic 

Per cent. Per cent. 

Passing 80 mesh and retained on 200 mesh ... SI- 20 

Passing 40 mesh and retained on SO mesh ... 4!3 45 

Passing 10 mesh and retained on 40 mesh ... 28 .35 

11. Filler.— Tam filler shall consist of suitable material ground to 
an impalpable powder. Portliiiul cement is generally used. 

12. Gomlining Materials . — The materials should be mixed in pro- 
portions by weight depending upon the character of the materials. The 
proportions will ordinarily vary between the following limits : — 

Bitumen ... ... 11 to 12 per cent. 

Filler ... ••• 13 to 15 „ 

Graded sand ... ... 73 to 76 „ 

The percentage of matter soluble in carbon disulphide in any mixture 
shall not be less than 9.5 percent or more than 13 per cent., 

13. The sand and bitumen should be heated separately 'to such 
temperature that the finished mixture shall, depending upon the bitumen 
in use, 'have a temperature of from 800° to 350° P. The filler should 
be mixed while cold with the hot sand. The bitumen will then be mixed 
with the sand and filler at the required temperature and in the proper 
proportion in a suitable apjiaratps, so as to effect a thoroughly homogen- 
eous mixture. 

14.. Laying — The mixture should be carted on to the road in trucks 
properly protected from radiation by tarpaulins, at a temperature of not 
less than 250° F., and spread upon the subcmst to such depth as will 
ensure an average thickness of IJ in. after ultimate compression. 

15. The compression will be attained by first smoothing the surface 
with a hand roller working from kerb to centre, after which stone dusfc 
should be swept over, it, when rolling will be continued with a light steam. 

or petrol roller until the surface is properly consolidated. 
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APPENDIX LII, 


Specifications for cement concrete and remforced concrete road fonndaMons 

aiul surfamig* 

Rexnfokoed concrete road foundations. 

1, The ad vantages o£ reinforcing cement concrete rqad foundations, 
the use of which has developed to meet the exigencies caused by the 
increased weight and increased speed of motor traffic, are that great 
strength is obtained with a small thickness of concrete, and that the 
construction is resilient. Concrete 6 in. thick was first adopted with a 
light reiiiforeernent, but the tendency has been with the advent of heavier 
traffic to increase both tlie thickness of concrete and amount of reinforce- 
ment, The cost of the steel approximates to about S in. of concrete, 
whereas a slab 8 in, thick suitably reinforced is stronger than 15 in. of 
unreinforeed concrete, 

E, At the same time the reinforcement gives tensile strength to 
the concrete, omd in the ease ofc double-layer reinforcement shear . stress 
also, and provides some degree of resilience. It is probable that further 
experience may show a lesser thickness of reinforced > concrete to be 
sufficiently strong and more resilient. 

3. Wire fabric or other reinforcement is generally laid with its main 
wires, or members, parallel to the length of the road, although the more 
correct method is to provide for a reinforcement with the same sectional 
area of steel transversely and longitudinally, 

4. The reinforcement is laid about 1^ in. to £ in, above the bottom 

of the concrete. This is convenient in practice and correct dn theory, 
the condition being similar to that of a cantilevered floor-slab turned 
upside down, the wheel takifig the place of the support and the earth 
pressure taking the place of a distributed load of intensity greatest at 
the support and gradually reducing outwards,^ The reinforced concrete 
foundation is sufficiently strong to spread the very heaviest wheel-load 
over so large an area of under-bed that the pressure becomes less than one 
ton per square foot, so that even in bad ground there is. no subsidence of 
the foundation and no hollows form in the surface except from actual 
surface wear. • ^ 




Cement concrete and reinforceb concrete road surfacing- 


1; In some cases plain concrete is used, elsewhere it is reinforced; 
Transvei'se joints J in, thick filled with bituminous material were first 
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adopted 80 ft. apart to allow for expansion and contraction, but these 
joints appear to haYe been unsatisfactory, and are more or less a source of 
weakness, The later tendency is for the concrete surfacing to be carried 
out on the alternate bay principle, and to reinforce the concrete, by 
which means cracks due to setting contraction are eliminated. 

%\ Usually the concrete is 7 in. tliiok. The reinforcement is gene^ 
rally wire fabric or expanded metal, or double-layer reinforcement. This 
not only does away with the joints but gives a very much stronger road 
than the lesser thickness first adopted, and is from every point of view a 
better form of construction, 

8. The proportions of concrete that have given the best results are : 
Two-course work, lower course seven parts of coarse and fine aggregate 
to one of cement, and three parts of fine aggregate of one of 
cement for the surface course. Successful results have also 
been obtained by the use of large tough aggregate (preferably granite) 
in the top course, which provides an excellent key for the waterproofing 
surface layers, the proportions of the concrete in this layer being 3 parts 
of aggregate to IJ sand and 1 of cement; 

4. A great deal of attention has been paid to the question of water- 
proofing and hardening of concrete roads and several proprietary prepara- 
tions having these objects in view are successfully employed for these 
purposes, not only in Grreat Britain, but, to a far greater extent, in 
America. 

5. The average maintenance cost of concrete roads in the United 
States is one-fifth of a penny per square yard per annum. The roads 
may be surface-dressed with tar and granite <diips, which is a precaution 
against such small cracks as may occur owing to lack of care in joining 
up one day^s work to the next, or in insuffloient watering of the surface 
during construction. Cracks from these causes may be such as to just 
admit the blade of a knife, but where the roads are tar-sprayed the tar 
bridges over the cracks and makes them of no account. 

6. Concrete roads are laid with a camber of one in fifty, which 
is sufficient to throw off water. This small slope almost eliminates side- 
slip. 
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. .APPENDIX LIV 

Bridge construction abstract estimate form. 

(To be modified as necessary to suit varying types of Bridge and local requirements,) 
!aot Bstimate of Construetisg the Bridge at 
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Kotes. 

1- Use a separata form for each 
mam road, 

Z Contonment roads may h& 
fifromped* hut state clasaificat. 
ion ill column 1 under I and H. 

3, Sub-division into Sectiona 
depends' on lieadinira of Col- 
umns 2 and 3 and other factors 
under I and 11, 

4, When Arborittulture is a oivil 
charg'd, omit Sub-he.ad V from . 
military road estimates. ' 

5, -The cost of Koad Holler repairs 

and aalari^ of Suh-Oversaers 
are not legitimate charges 
ag^iinst road mamtenance, ' 




Prepared by 
Designation 


Cbeoked by 
Designatidn 

Bepairsi Military^ 

Bepairs, Civil Commnnioations. 
Hiscellaneons Public Improvements, 


Signed by , 

Assistant Commanding Royal 
' Engineer. 

Date 

Forwarding IIo, 


Coat debatable to 


miliiahy mumm-R services hakbboo^:. 

SPECIAL CHAECBS IV. 


AEBOEICDLTDBE V. 


1 

Malis • 


■" 2 

Otiict StaS 


3 

Watering arrangements ... 


4 ■ 

Protecting Trees 


5 

1 Miscellaneous 


Totap 



Average per mile- 


Abstract ov Estihate 


No. of 
Si^b-head. 

Description of Sub-head. 

Average 
rate per 
mile. 

Total. 

■ ■ I 

Maintenance (Ordinary). ,« 

Rs. 

Rs. 

n 

Remetalling 



in 

Maintenance (Special) 



IV j 

Special charges ... 



V j 

Arboriculture (see Note 4) ... 




item. 

Description. 

Abstract of 
cost or L.S. 
Estimate for 
whole road. 

% 

RuMAass. ■ 

Enter explanation for any notable variations 
from amounts last sanctioned in Form I 
(excluding Form II) and any other useful 
explanation against each item. A statement 
should be api'cnded giving the names, 
numbers, and capital costs of the buildings 
concerned, also numbers and current wages 
of each class of personnel. 

■ ■ ■ ' , . — - 

1 

Maintenance and repairs of 
Boat Bridges. 

Rs. 


Z"' 

Special repairs to Buildings 



4 

Clearing Slips . — 

Masonry repairs to Bridges. 
Culverts. Walling. FvMa 
Drains and Causeways- 


■■ ■ ^ , 

5 . 

Painting Ironwork of Bridges 



6 

whitewashing and painting 
Mile Posts. Furlong Stones. 
Road Signs, numbers on 
Culverts, etc. 



? 

Training works of Bridges 



8 

Miscellaneous 




TOTAI. 


Average per milcca? 
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APPENDIX LV. 

FORM I. 

Estimate .OF Ayeeage Cost of Koad Maintenance. 

Sub-'Disfci'iet Year 1 94 194 

Name of Eoad Total Length miles 


r 

Section. 

Oive mileage, or 
m case o£ 
Grouped 
Contoiiment 
Roads describe 
otherwise. 

■ 

Estimated life of metal. 

3 

«! 

B 

0 

1 

a 

bo 

§ 

MAINTENANCE (OEBINARY) i 

REMETALLING IL 

■ 

1 

AYBKAOE COST PEE MILS, 
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per 

Section 

Columns 

’ 

Average 

cost 
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Mile. 

AMODErT COST 

PEE- 

Road 

gangs. 

Fatoh 

metal. 

T otal 

P GE 

Mile. 

Colttinns 

5+6 

Mile. 
Columns 
9 r 2 

Section. 

Columns 

10x4 

- 

1 

;:V -A -.v ; 

a 

. . n 

4 

5 

e 



9 

10 

11 

Wo- 
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Feet 
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Hs. 

Bs. 

Rs. 

Bs. 

Re. 

Bs. 

Be- 





j 










Total 

• 
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MAINTENANCE (SPECIAL) II, 



Item* 

Bescsiption, 

Abstract of 
cost or L S. 
estimate for 
whole road. 

RnacAEES. 

Enter explanations for any notable variations from 
amounts last sanctioned in Form 1 (excluding Form 

II) and any other useful explanation against each item. 

A statement should be appended giving the names, 
numbers and capital costs of the buildings concerned, 
also niimbers and current wages of each class of 
personnel. 





Bs.. 
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A. I- B. to Buildings 
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h ' 
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Khalasis 
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Clearing Causeways 
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... 
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APPENDIX LVII. 


WiBB MATTEESSBS FOB EIVSE TEAININS WORKS. 


Manufacture of wire nets in general, 

j, ToolSrr—Que pair, wire cutter and one 2 lbs. Hand Hammer, For 
closing the net when filled, two Tommy bars, 15'^ to 18" long, to 
diameter, will also be needed. 

2. Plmit , — One peg block (A Fig. 4), one stretching block 
(B Fig. 4) and two squatting boards (Pig. 5). 

3. Pe^ to 16" wide 4" to 8" thick and one foot longer 

than the finished width of the net. It is studded with 5" wire nails 
spaced in 8 rows 4?" apart nail to nail and 4" between rows, staggered as 
sho wn in Pig. 4. The heads of the nails are cut off, leaTing pegs project* 
ing 2" above board, 

4% Siretching hlqeh^ — Any old sleeper will do. Some weight is 
necessary to keep the knots taut against the pegs and, incidentally, for the 
workmen to squat upon. 

5. Sqmtting hoard, — ^4" x 2" and some length as peg block with 1" 
auger holes to correspond with pegs. These boards are necessary to 
protect the men^s feet when working oh the outer, row of pegs. 

6. Labo 7 iT,—Om pair of coolies is needed for every 8 or 10 feet of 
width of net. Both should know each other^s job as the aetoal twisting 
of the wives is hard on the hands, and if equally trained the two men 
change places at intervals, 

7. Mmnfmtufe, — (A) The wire is uncoiled, stretched along the 

ground and cut to the required lengths. The precise lengths can best 
be determined by making an experimental net and noting the lengths of 
wire used 10 for Standard Nets), After cutting all wires of re- 

.quired length each is doubled at its centre and both ends coiled back to tlie 
centres for conyenienee. of handling. When the full number of wires 
have been cut and coiled, viz 4 ^ one double wire of two coils for every 4" 
width of netting one for the end (<?.y .5 a 3^ width of net would require 
(36-f-4)4' 1 =5^10 double wires of 2 coils each), a loop is formed at the 
centre as each wire is taken into use against the first row of pegs as . 
shown at Pigs. I and 11. A squatting board is then placed over* the 
loops and the coils are opened and laid loose over the peg board as 
indicated in Pig. 4-A. 

(B) One man of the pair squats behind the peg board and the other 
handles the coils. One of the two wires of loop No, !, Pig. I, and one of 
loop No, 2 are twisted together against the first peg in the second row 
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of pegs, Fig. 4-A5 by the man at the board while the man handling the 
coils turns the coils to correspond with the twist. The twists are made 
up against the pegs as shown in Fig. 3 and are then — if necessary-— 
flattened by a blow or two from the hammer against the peg block. The 
other, wire of No^ 2 loop, Fig. 1, is twisted with the first wire of No. S 

loop against the second peg and so on until the whole width has been 
completed. All twists must be made in the same direction. 

(C) The second squatting board is now placed over the second row 

of pegs and the wires twisted against the third row of pegs. The third 
row having been completed the squatting boards are removed, the net 
taken off the pegs, pulled back and the" last made twists placed over the 
first row of pegs. The net projecting beluEid the peg-block is placed 
under the stretching block, a squatting board placed over the first row of 
pegs and the twisting continued as explained above until the net is of 
the required length. " 

(D) The end of the net is finished 'off as shown at Cj Fig. I, any 
extra length of wive, being cut off after it has traversed the width of 
one mesh, , 

Standard fiets, ; ^ 

8. (A) The above instructions apply to a net of any size, but the 
mattress shown in Fig. 6 is to be adopted as Standard. 

(B) The finished dimensions are 8'x and the following extra 
details are given to ensure uniformity in its manufacture. The net is 
commenced at the looped ends with ten double wires. After the first 
two rows of meshes have been made three additional double wires arer 
added on each side and the net given a width of 5 feet for a length of 

6 feet. The width is then again decreased to 3 feet and finished off 
when a further length of 7 feet called the Tail has been made. 

(C) Fig, 10 shows the exact lengths of each wire required. Owing 

to the nets being “ shaped," the starting loops are not always in the 
centre of each length. With unpractised men a little margin should be 
allowed at first.- '-v, 

(D) The positions at vi?hieh the net will be folded for closing are 
shown in dotted lines. It will be observed that the shape of the net is so 
designed that except at the vertical » edges all joints occur at the top 
when the net is closed. In any confined corners the vertical edge will 
be closed as described in para. 13 -before placing stones oii the net. 
Consequently binding wire is never necessary and its use must be. 
prohi]bitedi;/.i;v v-' " : ■ 




9. (A) A special apparatus shown in Figs. 7, 8 and‘ 9 has proved 
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very effective and economleal for making standard nets (Fig. 6), 

(B) The peg board is replaced by 4 beams each x 4'^ and 8^ in 
length, movable on a frame the rails of which are 4/^x and 6' in 
length. The beams, each carrying one row of pegs, are secured to the 
rails by means of knee-pieces and pull-out-pegs and the squatting boards 
are secured to the blocks by means of flat iron stirrups. Commencing 
the net at the first beams it is continued to the fourth beams. 

The squatting board on the first beam is then released from 
the stirrups, the beam taken off the frame and slipped in front of the 
fourth beam. When the net has been twisted over this beam the second 
beam is similarly taken out and placed ahead of the first. This operation 
is continued until the beams work up to the end of the frame. 

(D) The net with the four beams are then moved back on the rails 
to the starting end and operations renewed as before, until the rfet has 
been completed. It will be seen that the net is at all times firmly 
secured to two or more blocks untiV completed and consequently there is 
.no necessity to move it off the peg boards. 

Specijication for Standa7*d Mattresm. 

10* Nefh^tg . — Netting will be in one piece of shape and size shown 
in Fig. 6, mesh to be 4", and No, 8 S. W. G. galvd. iron wire to be used. 

II, Staples . — Filling to be of boulders or quarry stone not less than 
6^' across in any direction. 

III. All filling will be done after net has been placed in 
position. The ^Hail of the net should be first laid out at the end 
whore settlement of the mattress is expected to occur. The stone will 
then be closely packed by hand in a stack 6' x 3' X I' high with vertical 
sides on the portion of the net indicated by dotted lines on figure, 

IS, Closing up. — The portions of the net outside the stack of stones 
will then be folded over the stack and closed with tommy bars which are 
placed between opposite loops which loops are then twisted closely 
together at intervals of from 4 to 6 iiiehes. 

Cost cmd outjmt, 

14, Cost— The cost varies with the price of the wire and the 
distance of suitable stone from site. With wire @ Rs, 25 per cwt. and 
stone within J mile of site the cost will be : — 

Mr a Standard Mattress {6^ xB* xV), 

Maierials,~' 

No. 8 wire for net 64 sq. ft. @ 65 lbs. per 100 sq, ft. and R, a. f. 

Rs* 25 per cwt, ■ ... ,,, 7 IS 0 

18 e. ft. stone @ 8 per 100 c. ft. ... ^ , ,,, 0 .9 0 







MILITARY ENGINEER SERVICES HANDBOOK 


Labour 


For making net (of size shown in Fi, 
2 men @ 0-12-0 per day ... 
Carriage of net and closing it 
Fillmg stone ,,, ... 


Total 


Say Rs. 10-8-0 for 18 c. ft, 

.% for lOOc’ ft. 104)^*^^ .- 58 6 0 

At above rates costs % of netting and stone are 

1. Netting per 100 sq. ft. ... ... 18 0 0 

2. Stone filling per 100 c. ft. ... „ ... 4 IS 0 

Note.— No Mistri is requii’ed for supervision. When once trained 
the ooolies should be paid by piece-work. 

15. 0^dput,^Qn^ standard sausage net (Pig* 6) per pair of trained 
coolies is the minimum daily output ; the adoption of payment by piece- 
work will undoubtedly increase this. 



Wire Netting for Stone in Wire Ctates Mattresses etc 
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